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THE GEOLOGY OF THE RADIUM HILL URANIUM MINE, 
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ABSTRACT 


The Radium Hill mine, originally worked on a minor scale for its ra- 
dium content, has been intensively tested by drilling, sampling and ex- 
ploratory development over the past ten years, and is now a significant 
producer of uranium ore. The ore mineral, which is the titanium uranium 
complex davidite, occurs in association with rutile, ilmenite, bronze biotite 
and quartz in a series of subparallel lodes that are late stage replacements 
in fracture planes located near the axial plane of a regional fold in early 
Precambrian metasediments. The strike of the shears is slightly undula- 
tory, and dips range from 40° to 70°. 

The distribution of the ore within the lode channels is in irregular 
shoots though with some suggestion of overall pitch. 

The area has been a locus for numerous phases of igneous activity, 
some of which are considered significant in the localization of ore. 
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INTRODUCTION 


Tue Radium Hill mining field is situated in the east central part of the State of 
South Australia, 320 miles from the State Capital, Adelaide, 200 miles from 
the nearest sea port—Port Pirie, and 60 miles southwesterly from the lead- 
zinc mines at Broken Hill (Fig. 1). The mine lies within fifteen miles of the 
road and railway that serve Broken Hill from Adelaide. The area is one of 
low and spasmodic rainfall, the annual average being 71 inches, mostly re- 
corded by irregular thunderstorms. ‘Temperature ranges are extreme: sum- 
mer day temperatures exceed the 100° F for prolonged periods; frosts are not 
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uncommon in winter. The area is given over to sheep pasturing. The topog- 
raphy is undulating, with deep weathering and only isolated remnant rock 
outcrops. 

The original discovery of the field was made in 1906 when a claim was 
pegged and considerable interest aroused in the suite of rare radioactive min- 
erals. The claim was worked until 1908 and then abandoned. Taken up 
again in 1909, activity continued until 1915, in which period numerous shafts 
were sunk, a magnetic concentrating plant erected, and several parcels of con- 
centrates sent abroad for metallurgical investigation. A treatment works was 
built in Sydney and some 350 milligrams of radium bromide produced from 
95 tons of concentrates. The area was abandoned from 1915 to 1923 when 
a new company was formed with the principle object of producing titanium 
white. The project failed and all work ceased in 1931. In 1941 an investi- 
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Fic. 1. Locality Map showing Radium Hill. 


gation was undertaken on behalf of a Melbourne company but no action 
followed. 

The present phase commenced in 1944 when a detailed geological survey 
was undertaken and recommendations for complete testing were made. In 
1946 the first diamond drilling commenced and later shaft sinking was under- 
taken for metallurgical testing. Since that time the work progressed with 
increasing tempo to the point where at present the mine is ready for full scale 
production. 


PREVIOUS PUBLICATIONS 


Early reports on the Radium Hill area deal exclusively with mineralogical 
investigations and early mining and prospecting operations. The first de- 
tailed study of the field is that of Mawson (2) in which the geological setting 
of the occurrence is discussed and mineralogical and petrological details de- 
scribed. Sprigg and Whittle (3) of the South Australian Department of 
Mines have been responsible for a comprehensive Bulletin published by the 
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Fic. 2. Geologic map of the vicinity of Radium Hill, South Australia. 
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Department in which the geology, petrology and mineragraphy of the field is 
described. 


REGIONAL GEOLOGY (FIG. 2) 


The mineralization at Radium Hill occurs in fracture plane structures in 
Archaean sedimentary gneisses and igneous intrusions one mile east of a major 
fault lineament (the McDonald Hill Fault), which in this area separates the 
Proterozoic (Adelaide System) sediments from the Archaean gneisses. In 
general, the rocks of the Archaean group comprise metasediments of perhaps 
several ages, in places extensively granitized and commonly accompanied by a 
variety of igneous rocks. The basic intrusives comprise an early sill or plug- 
like amphibolite, generally talcose and much sheared with mineral elongation in 
the direction of regional schistosity ; and a later amphibolite that is common 
in the McDonald Hill fault area, and transgresses both the gneisses and the 
lode channels. Acid intrusions include several phases of pegmatite introduc- 
tion, one of which is a sodic aplitic type possibly genetically responsible for 
the introduction of the ore mineral. 

The Archaean gneisses are folded in steep limbed structures, with east- 
north-east axial direction pitching generally at a low angle. Overturning of 
the folds has previously been inferred (3) but is now known to be exceptional. 
There is little evidence of any effect on these basement rocks of the orogeny 
that terminated Adelaide System sedimentation. 

The Proterozoic sediments comprise quartzites, slates, and a well developed 
tillite (the Sturtian tillite). They are broadly folded along southwesterly 
axes with marked drag phenomena as the McDonald Hill fault is approached. 


MINE GEOLOGY 


General.—Surface outcrops are sparse so that earlier geological knowledge 
has of necessity been based on rather fragmentary data, a condition which, 
though steadily improving as underground development proceeds, still pre- 
vents a confident understanding of the whole geological environment of the 
lodes. 

The gneisses are highly metamorphosed and as yet no success has been 
achieved in establishing a marker horizon, or any stratigraphic succession. 

The Country Rock.—The gneisses in the vicinity of the mine area are 
highly pegmatized, comprising aplitized gneisses and quartzites, migmatitic 
gneisses, and some schistose gneisses. The area has been a locus for more 
intensive igneous activity than is recognized in the immediately adjacent region 
and most of the igneous rock types observed on the surface have now been 
encountered in underground development, and their relationships observed. 
Clearly the earliest of these is an amphibolite type having an elongated plug- 
like form and showing marked schistosity. These rocks predate the lode 
shears and seem to have been favorable loci for ore emplacement. In each 
instance where the lodes have been observed traversing these rocks, there is 
marked up-grading and width swelling. The exposure of one of the older 
amphibolites in the Main Shaft shows a dip at the contact parallel to that of 
the gneisses. 
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The only other basic intrusive is a younger amphibolite or uralite dolerite. 
These show a lesser degree of alteration and post date the lodes, although they 
are possibly associated with the final pyrite mineralization (Whittle—in press). 
They are dike-like intrusions cutting across all other formations, including 
the lode. Excellent relationships have been observed on the No. 1 level where 
the amphibolite cuts directly across the lode (Fig. 4, b). Also farther south- 
west there is evidence of the amphibolite transgressing one of the later peg- 
matite dikes. In some drill cores the younger amphibolites show a grada- 
tional contact with the enclosing gneiss. Their trend roughly corresponds to 
that of cross faulting and shearing directions recognized in the lode system 
and they have probably been emplaced along zones of weakness of this kind. 

The acid intrusions comprise soda microgranites (aplites) and associated 
pegmatites that have been observed underground in gradational inter-develop- 
ment. These rocks exhibit both concordant and transgressive habits, in some 
exposures the pegmatites closely follow the lode channel where they preserve 
some of the structure of the lode shear, though with considerable ore impover- 
ishment. The fact that the soda aplites carry rare earth accessory minerals 
has led to the suggestion that they may be of genetic significance in ore em- 
placement. There is no direct evidence in support of this inference, in fact 
there is normally a notable absence of uranium mineral within their borders. 
Whittle’s paragenetic studies (in press) have indicated that these rocks were 
introduced during an inter-ore mineralization period, overlapping into the pe- 
riod of uranium mineral emplacement. 

Country Rock Structure —Surface mapping has shown that the gneisses 
are folded into an anticlinal structure pitching north-easterly at a low angle. 
Underground exposures generally show a gentle south-westerly pitch in the 
more central portions of the mine, but north-easterly pitch is observed towards 
the northern extremity. It appears that this anticline is the major structural 
unit with the southern limb exhibiting important minor fold phenomena which 
have provided additional planes of weakness important as ore loci (Fig. 4d). 

Faulting and fracturing of the country rock has probably been influenced 
by the fold structure, and in general the strike of the major fracture planes 
is closely parallel to, and may partly coincide with, that of the fold axial planes. 
In detail, however, the fracture planes gradually transgress the fold structure 
and locally dip at angles that may be as much as 90° to that of the gneisses. 
An earlier interpretation (3) has suggested that these planes represent the loci 
for overthrust axial plane movement. However, there is little evidence of 
overthrusting, in fact most observations would suggest tensional movement. 
Cross faults, generally of a minor nature, offset both the folds and the lode 
fractures, normally causing ore impoverishment in the vicinity. 

The Lode Structure.—The pattern of the recognized lode system is shown 
in Figures 3 and 4. 

Investigations so far have established three major lodes, namely Whip, 
Geiger and Old Main. In close association and parallel in dispostion are five 
smaller lodes that have been explored both by drilling and driving, namely 
Playford, Smith, Muller, Dickinson and South Lodes. Besides these ore 
bodies, there are prospects to the north-east of Bonython Hill, Taylor’s Hill 
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and Bristowe’s Hill and to the south-west is another lode (Rutile lode) which 
has been intersected on the foot wall side of Old Main lode. To the southeast 
are several minor lode systems known as the Valley lode and the South Hill 
lodes, and to the north-west is a small lode fracture on which a shaft (West 
Shaft) was sunk by early prospectors. 

Some of these lodes were established in the first instance by surface work- 
ings and as the bulk of the intervening terrain is obscured by many feet of 
alluvial and residual cover, there is every prospect that the lode system is even 
more extensive than is at present appreciated. 

Two main strike directions are recognized, namely north 57° E and more 
dominantly north 47° E. Dips range from 30° to 70° in a south-easterly di- 
rection, the flatter angle being generally confined to the central and upper por- 
tion of the system. 

The two major strike directions correspond to those of axial planes and 
bedding foliation. In a general way, the lode fractures transgress the fold 
structures by a series of steps, the bedding foliation plane direction dominating, 
then stepping over on an axial (cleavage) plane before again resuming bedding 
direction. This simplified pattern is commonly obscured by oblique offsets on 
faults. All recognized mineralized planes are confined to the southerly limb 
of the major anticlinal structure, and to the corresponding limb of the asso- 
ciated minor folds. 

The pitch behavior on the lode system is not clearly understood. Min- 
eralization on Whip lode appears to progress to the north with depth, and 
there is also an apparent progression in a southerly direction on Old Main 
and South lodes at the southern end of the field. 

Borehole data allows of no simple definition of pitch trends. The min- 
eralization within the developed ore shoots is subject to erratic variations so 
that the interpretation of diamond drill results is a hazardous undertaking. 
If in fact the mineralized fracture planes -are related, as suggested above, to 
axial and bedding planes, then the intersection of these planes might be ex- 
pected to have some control on lode pitch behavior. This may prove to be 
the case. 

Lode Mineralization The uranium ore mineral is davidite which was first 
described and named by Mawson (1). It occurs in intimate intergrowth with 
rutile, ilmenite, hematite, and some magnetite, in an ore in which each of these 
minerals occurs in varying proportions. A detailed discussion of the inter- 
growth and exsolution phenomena is presented by Whittle (in press). 

The mineralization of each of the known lodes is essentially similar. Each 
shows a gradation from incipient sericite development by gradual stages, to- 
wards coarse ilmenite biotite growth. Four lode types are recognized and the 
proportions of these types present varies from lode to lode (Fig. 4). A typical 
lode channel commences as a shear in which there has been a segregation of 
augen of biotite and quartz enclosed in banded gneiss. Introduction of iron 
and titanium (with or without uranium) mineralization into these knots or 
augen produces an ore type known locally as nodular or spotted ore. An 
increase in the degree of initial fracturing or brecciation allows a higher degree 
of replacement resulting in the so called main lode ore type, which is a coarse 
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intergrowth of bronze biotite, pinkish quartz, ilmenite, rutile, hematite and 
davidite. 

The gradation from nodular ore to main lode ore is generally progressive 
from the extremities of each lode towards the centres, though locally there may 
be a considerable intermixing of the two types. Absence of iron and titanium 
mineralization results in a barren bronze biotite lode which is sufficiently char- 
acteristic to be recognized as a third lode type. The fourth type has been 
called the Valley lode type and is well exhibited by the Dickinson lode. In this 
there does not appear to have been such intense brecciation, but the rock type 
has been heavily silicified and there is essentially an absence of biotite. It is 
rich in rutile and hematite, but the davidite is much more variable. Indeed, 
in the actual Valley lode type as initially described by Whittle, there was no 
davidite detected. 

In dealing with all these lode types, Whittle has emphasized that there has 
been very little introduction of new material except for iron, titanium, uranium, 
and magnesium and the change in gangue and mineral type has not been due 
entirely to metasomatic replacement, but has involved a redistribution and 
subsequent recrystallization of silicious, aluminous, and alkali materials from 
the original fracture plane. 

Since the primary uranium mineralization is confined to the mineral david- 
ite in extremely sporadic intergrowth with rutile and ilmenite, a nodular lode 
type may contain relatively high grade uranium mineralization whereas a main 
lode type, though rich in rutile and ilmenite, may locally be low in uranium. 

Whittle has suggested a paragenetic sequence that commences with hema- 
tite, ilmenite and rutile associated with biotite gangue. 

This is followed by the period of soda aplite intrusion which concludes 
with the introduction of davidite. Finally, there is a period of sulphide min- 
eralization—pyrite and chalcopyrite—which may post date the emplacement of 
the younger amphibolites. . 


STRUCTURAL CONTROL 


The ore bodies at Radium Hill are probably influenced by the directions 
of fracturing and faulting located near the axis, and on the southeast limb of 
a flat-pitching anticline. There are two distinct sets of fractures—a “Main” 
system striking N 57° E and a second set striking N 47° E. These two 
directions probably represent axial plane cleavage and bedding foliation, and 
the warping and rolling of the lodes is thought to be due to minor folding 
associated with a highly contorted limb of the anticline. The intersection of 
these two systems may control the general pitch of the lodes. 

The lodes are fissure types and hence are independent of control by pri- 
mary structure. 

The over-all pitch of the ore shoots has not yet been established with any 
degree of certainty except that Whip lode is known to have an apparent steep 
pitch in a northerly direction. The pitch of individual rock types, shears, rolls, 
flutings, all seem to be flat, north-east or south-west and have little relationship 
to the over-all pitch of the ore shoots themselves. 
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Lateral control of mineralization within each lode has-not been established. 
It is thought to be related to the degree of fracturing or permeability of the 
original fracture plane, but seems to be unrelated to any particular attitude in 
space. It seems not unlikely that the soda microgranite may be genetically 
related to mineralization, and if so it might be expected that there would be a 
zoning of mineralization influenced by the position of the microgranitic 
intrusion. 
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ABSTRACT 
In the Rum Jungle uranium province (more correctly referred to as the 


Katherine-Darwin area) uranium occurs as replacement deposits, in places 
with copper and lead, in Precambrian sediments. Lesser deposits, in 
which uranium is associated with quartz and hematite, are found in shears 
in granite. Small copper-cobalt-uranium deposits have also been found 
in or near granite. Regional prospecting, based on air-photo geological 
mapping and airborne scintillometer surveys, is being systematically ex- 
tended through the region, and may take 3 to 5 years to complete. As in 
Rhodesia and The Congo, particular formations are being found to be fa- 
vorable for ore, and more detailed investigation of these formations is 
taking place. A private company, Territory Enterprises Pty. Ltd., is de- 
veloping and mining deposits at Rum Jungle itself on behalf of the Com- 
monwealth Government and other companies and syndicates are beginning 
to be active elsewhere in the district. 

Tropical weathering of outcrops combined with soil and laterite cover 
complicates interpretation of surface radioactivity, and bulldozers are 
widely used to obtain good exposures ; diamond drilling is the usual method 
for preliminary testing of the sulfide zone, which lies at depths ranging 
between 30 and 200 feet. 
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INTRODUCTION 


THE area with which this paper deals and which will be referred to herein as 
the Rum Jungle Uranium Province is commonly known in Australia as the 
Katherine-Darwin region. It is situated in the northern portion of the North- 
ern Territory of Australia, and as far as is known at present, it extends be- 
tween lat. 12°40’ and 14°18’ S, and long. 130°35’ and 132°30' E. Rum 
Jungle itself, the present centre of uranium mining, is approximately 55 miles 
south-south-east of the port of Darwin, from which a 36” gauge railway ex- 
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Fic. 1. Uranium occurrences in Australia (general map). 


tends for 360 miles to the south-east. A highway runs from Darwin to Alice 
Springs nearly 1,000 miles to the south (Fig. 1). 

The uranium province is situated in the summer rainfall area and the mon- 
soonal wet season lasts from November to April, inclusive. 


HISTORY 


Gold was discovered in the province in 1869 and between then and 1900 a 
good deal of prospecting and small scale mining were carried out. Much of 
the work was done by Chinese, who first arrived in the district in 1875; more 
were given entry in 1886 in order to complete the railway line. 
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Up to the present the province has produced about 661,000 oz of gold, 
7,000 tons of tin concentrate, 900 tons of wolfram concentrate, 11,500 tons of 
copper concentrate, 2,600 tons of silver-lead concentrate, and 12 tons of tan- 
talite concentrate. The total value of its recorded production has been 
£3,300,000. 

Uranium was discovered in old copper workings at Rum Jungle in Sep- 
tember, 1949. Investigation of the discovery and of the surrounding country 
by the Commonwealth Bureau of Mineral Resources in the years 1950 to 1952 
showed that important uranium deposits exist in the area and that others 
might possibly be found. At the beginning of 1953 the Rum Jungle area was 
taken over by Territory Enterprises Limited, which is now engaged in further 
exploration and in the mining and treatment of the known ore on behalf of the 
Commonwealth Government. 

During 1952 the Bureau began a fairly intensive campaign of exploration 
for new deposits outside the immediate vicinity of Rum Jungle, and at the 
time of writing (August, 1953) this work has resulted in the discovery of one 
new deposit that may be important, and in the finding of numerous small de- 
posits and radioactive anomalies, many of which remain to be investigated 
adequately. A few private prospectors have been active in the area and have 
made several discoveries. Mining companies are now beginning to take in- 
terest in the area. 


REGIONAL GEOLOGY 


The general geology of the Katherine-Darwin region has been described 
by Noakes (1). The stratigraphic sequence begins with metamorphosed 
sediments of Lower Proterozoic age, called by Noakes “the Brocks Creek 
Group.” These consist of shales, limestones, sandstones, conglomerates and 
tuffs, and are thought to exceed 15,000 feet in thickness. More detailed map- 
ping now in progress will probably separate the Brocks Creek Group into sev- 
eral sub-divisions, separated by unconformities. The rocks of the Brocks 
Creek Group are intruded by numerous masses of granite and contain most of 
the ore deposits of the region. Current geological work is showing that some 
of the formational units into which the Group can be divided are more favor- 
able for the occurrence of uranium than others. 

A correlation seems to exist between particular sedimentary types and de- 
posits of particular metals, but the stratigraphic knowledge of the region is as 
yet incomplete. 

Uranium ore occurs mostly in fine-grained beds, particularly in graphitic 
shales, and the deposits are associated with deformation of the beds either by 
folding or faulting. The ore beds at Rum Jungle occur within half a mile of 
an intrusive mass of granite, but no deposits of importance have been found 
within the granite itself. Scintillometer surveys have shown that the Rum 
Jungle Granite is more radioactive than some others in the district, e.g., than 
the Litchfield Granite which extends from Bynoe Harbour to about lat. 14°S 
(Fig. 2) and they have also shown that the portion of the granite extending 
for about 4 miles north and 4 miles south of the Rum Jungle field is more 
radioactive than the other parts of the Rum Jungle Granite. 


1 Numbers in parentheses refer to References at end of paper. 
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Preliminary surveys in other parts of the province also show that those 
granites with which deposits of uranium-bearing minerals have been found to 
be associated are themselves fairly highly radioactive and there is a general 
indication that radioactivity of the granites is, as has been discussed by Gross 


(2), a broad guide to ore. 
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Fic. 2. Mineral map, Katherine-Darwin area, Northern Territory, Australia. 
(Location of uranium and copper deposits shown.) 


The Brocks Creek Group is unconformably overlain by the Buldiva 
Quartzite of Upper Proterozoic age. This formation, which is thought to be 
about 4,000 feet thick, consists mainly of quartzite with some interbedded vol- 
canic rocks, dipping at angles of less than 30 degrees. Until recently the Bul- 
diva Quartzite had not been shown to carry any worth-while ore deposits and 
it was regarded as obscuring large areas of potentially ore-bearing country. 
However, important discoveries recently made in areas generally covered by 
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GEOLOGICAL MAP Figure 1. 


RUM JUNGLE AREA. 
NORTHERN TERRITORY, AUSTRALIA. 


Bureau of Mineral Resources field parties. 
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Geologic map, Rum Jungle, Northern Territory, 


Australia. 
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Buldiva sediments, but where narrow belts of the underlying Brocks Creek 
Group rocks have been exposed by faulting, suggested that mineralization did 
actually extend into the Buldiva quartzite and the latest uranium discovery 
confirms this, as it occurs entirely in the volcanic rocks interbedded in the Bul- 
diva Quartzite. 

Cretaceous sandstones, lying horizontally and up to 200 feet thick, occur 
on mesas in the area, and laterite, mostly of Tertiary age, covers a considerable 
proportion of the older rocks. Deep soils inhibit prospecting in river valleys 
and on the wide alluviated planes. 
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Fic. 4. White’s Prospect, Rum Jungle, Northern Territory, Australia 
(plan and section). 


TYPES OF DEPOSITS 


The uranium deposits near Rum Jungle have been briefly described by Sul- 
livan and Matheson (3). The main types of deposit so far found in the 
Katherine-Darwin area are described briefly below. 

Uranium-Copper Deposits —White’s Deposit at Rum Jungle is typical of 
this group. In the primary zone the ore is generally highly folded graphitic 
slate, impregnated with chalcopyrite, pyrite, uraninite and bornite ; chalcocite 
is also found. The ore minerals mostly replace bedding or cleavage planes but 
they are also associated with minor crosscutting quartz veins (Fig. 4). 
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At the surface this type of deposit is apt to be unimpressive at first sight. 
Little or no ferruginous gossan is present, but staining by copper carbonates 
may be seen. Radioactivity may amount to only four to five times background 
over a few hundred square feet. 

If secondary uranium minerals are present they are generally yellow ochres 
with only minor torbernite and little or no autunite. 

The outcrops of this type discovered to date have been close to river level 
where the present cycle of erosion has cut down through a plateau of possible 
Oligocene-Miocene age. It is believed that in Rhodesia leaching of both cop- 
per and uranium is more complete at peneplain level and only inconspicuous 
casts after copper minerals may be found on the surface. At White’s Deposit 
the water table was only 20 feet below the surface, whereas beneath the plateat 
primary material may be at a depth of anything up to 200 feet. 

Autunite Deposits ——At Dyson’s Deposit, Rum Jungle, rich specimens of 
autunite (much of it iron-stained and difficult to recognize) occurred at or 
very close to the surface, and autunite is known to occur to a vertical depth of 
more than 100 feet. The host rock is graphitic shale, no copper is present, 
and quartz occurring in the footwall and hangingwall is rich in pyrite. Sev- 
eral other deposits of this type are known, but the primary ore has not yet been 
tested. The surface impoverishment, common to the copper-uranium ores, 
is not so evident in these deposits. 

Quartz-Hematite V eins —Many uranium deposits have been discovered in, 
or near, the granite known as the Cullen Granite, in the Edith River area near 
the southern end of the province. These deposits occur as narrow siliceous 
reefs composed partly of brecciated quartz and occupying sheared zones in the 
granite. They are mostly oriented north-north-west and dip steeply to the 
west. The uranium mineral is meta-autunite or torbernite and is associated 
with hematite in the brecciated quartz. 

In many of the deposits, particularly thgse in which the uranium mineral 
is meta-autunite, apatite is an important constituent of the ore and fluorite is 
present in places. No intersections have yet been made of the primary ore 
in these deposits. 

Hematite-Limonite Gossans.—Bodies of hematite and limonite containing, 
in places, 50 per cent iron may give rise to radiometric anomalies. The iron- 
oxide minerals are in places botryoidal, suggesting a transported origin. A 
considerable amount of radioactivity is associated with some of these outcrops 
but trenching and drilling have shown that they are generally underlain at shal- 
low depth by leached rock containing only minute amounts of uranium. 

The primary mineralization may consist of pyrite, constituting approxi- 
mately 55 per cent of the rock, with very small amounts of uranium. These 
occurrences are similar to the surficial sheets of hematite, 1 to 5 feet thick, 
occurring at Mt. Painter, South Australia which contain torbernite in appre- 
ciable amounts, but are underlain by material with weak pyritic mineralization 
and a low uranium content. 

Laterites—A considerable number of radiometric anomalies detected by 
airborne scintillometer surveys have been found to correspond to flat sheets 
of pisolitic laterite. Ground investigation has shown that the ferruginous zone 
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of the laterite is commonly 2 to 3 times as radioactive as other rocks in the 
vicinity. This was also noted by one of the writers (C. J. Sullivan) in Rho- 
desia. Most of the radioactive laterite has no significance for ore. It is be- 
lieved that the iron of the laterite has the property of fixing uranium from 
solutions that may come in contact with it. The source of this uranium is 
generally the small disseminated content of uranium in the underlying rocks, 
which is leached out by ground waters and brought to the surface during the 
wet season. The rise of the fluctuating water table ranges from the bottom 
of the oxidized zone, up to 200 feet in depth at the end of the dry season, right 
up to grass-roots by the time the wet season is well advanced. Leaching also 
plays an important part in the final distribution of the uranium. 

Laterite may, however, have been formed over actual sulphide deposits 
and self-potential surveys have been used to detect such deposits. In one 
place in the Rum Jungle district, diamond drilling proved the existence of 
sulphide ore suggested by a self-potential survey. 


EXPLORATION TECHNIQUES 


Ordinary prospecting with geiger counters, especially in the vicinity of 
known deposits of other metals, is still the main basis of exploration and has 
given important results. In this type of work geologists come after the pros- 
pectors, assess possibilities and work out testing campaigns. Supplementary 
to this, however, is the systematic coverage of the province in the course of 
which geologists and geophysicists attempt to find deposits, and also to pro- 
vide a basis upon which further prospecting by others may be undertaken. 

Geological Mapping.—The province has been covered by air photography 
mostly on a scale of 1:30,000. The area around Rum Jungle itself has been 
re-photographed at 1: 15,000 and some outlying districts have been flown at 
only 1: 50,000. 

Accurate topographic maps are available at 1 inch to 1 mile of limited areas 
only, but controlled photo-mosaics have been compiled as a stop-gap and the 
geology plotted on these or on tracings from them. Accurate planimetric 
maps of the whole province on a scale of 1 inch to 1 mile, based on slotted 
template assembly, are scheduled for preparation by the National Mapping 
Section, Department of the Interior. 

Field work is carried out with the aid of landrovers and jeeps. Very few 
roads exist but the country is generally of the open savannah type and it is 
possible to drive almost anywhere over large parts of the province. 

Geological maps are first compiled at the scale of the photographs and are 
reproduced at 1 inch to 1 mile to correspond with the sub-divisions of the 
National 1-mile military grid. Fairly detailed knowledge of structure and 
stratigraphy is absolutely essential for intelligent interpretation of radioactive 
anomalies, and for planning exploration and development in promising areas. 
The province was previously unmapped geologically except on a very broad 
reconnaissance basis and efforts are now being concentrated on regional geo- 
logical mapping to overcome this deficiency. 

In the mineralized areas it is commonly found that particular beds are im- 
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portant for ore, and in these places air photographs may be enlarged up to a 
scale of 1 inch to 400 feet for the purpose of detailed mapping. Prospects 
when located are mapped in detail by a plane table on scales of 200, 100 or 40 
feet to the inch. 

Airborne Scintillometer Surveys.—Airborne scintillometer surveys are car- 
ried out in a Dakota (DC3) aircraft using a Chalk River scintillometer type 
190R, mark 2, developed by the Canadian Atomic Energy Commission. 
Flight lines are 1,000 feet apart and the plane is flown as far as possible at a 
constant height of 500 feet above ground surface. These surveys are being 
extended systematically throughout the known uranium province. The posi- 
tion of the plane in flight is maintained by the use of shoran apparatus. Two 
ground beacons are established at high points giving an uninterrupted “view” 
over the area being flown. The shoran co-ordinates are also used in plotting 
the results. Radioactive anomalies shown by the scintillometer are plotted as 
first, second and third order anomalies. 

In some areas, anomalies are extremely numerous but ground investiga- 
tion has shown that most of these do not correspond to ore deposits. Com- 
mon causes of anomalies are small hillocks of radioactive granite or exposures 
of granite in areas that are mostly soil covered, ridges of slightly radioactive 
sediments, and beds of laterite. On the other hand, much leached sulfide 
lodes, although of economic importance, may not show up from the air as 
large anomalies because of the extensive leaching of the uranium from the sur- 
face. However, when the various features giving rise to the anomalous ac- 
tivity detected from the air have been classified geologically and correlated 
with the geological mapping, a sound appreciation is obtained of the distribu- 
tion of radioactivity and the individual anomalies can be readily assessed. 
Each anomaly is plotted on photo-mosaics and air photographs, and is located 
on the ground by geologists and geophysicists with portable or vehicle-borne 
geiger equipment. A preliminary report on a set form is prepared giving the 
assessment of the cause of radioactivity and the recommendation for further 
work, if any is considered necessary. 

An airborne magnetometer is flown with the scintillometer and this pro- 
vides assistance in the geological interpretation of soil-covered areas where 
some beds, particularly in the vicinity of Rum Jungle itself, have been shown 
to be markedly magnetic. In addition, of course, a permanent record of the 
distribution of magnetism is obtained. 

The aircraft used up to the present was originally designed for aero- 
magnetic surveys and was demagnetized for this purpose. The scintillometer 
was merely added to the equipment when the aircraft was diverted to airborne 
scintillometer work. 

Ground Radiometric Surveys.—To aid in the rapid detection on the ground 
of radioactivity indicated by airborne surveys, batteries of geiger tubes, con- 
nected to a drum recorder, are mounted in a landrover or jeep. This equip- 
ment enables the sources of the radioactive anomalies to be tracked down very 
quickly and is also useful for reconnaissance work. 

Scintillometer and geiger counters are used in the normal way for the sys- 
tematic gridding of radioactive areas. The results are plotted as radiometric 
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contours either in terms of background or counts per minute and the results 
are combined with the geological plans of the area and the assay results 
obtained. 

Self-Potential, Magnetic, and Electro-Magnetic Surveys.—Self-potential 
surveys have proved of value in detecting the presence of sulfide bodies under- 
neath soil and laterite cover. These surveys are inexpensive and can be car- 
ried out fairly rapidly. They are particularly useful in laterite-covered areas 
where it is difficult to determine from surface information whether a radio- 
active anomaly may be due to the presence of an underlying sulfide body or 
simply to a slight relative concentration in laterite of uranium leached from 
the underlying formations with a very low disseminated uranium content. It 
is usual practice, therefore, to run a few self-potential traverses across all 
anomalous areas that are being investigated. 

No orebodies so far found have special magnetic properties but magnetic 
surveys have helped to show the position of certain key formations. Electro- 
magnetic surveys have been used to help confirm self-potential results. 

Geochemistry.—As mentioned above, one of the problems of the district is 
to interpret accurately the meaning of the various types of radioactive leached 
outcrops. As an aid to this, residual soils and crushed rock have been tested 
systematically in some areas for the presence of copper and lead especially, 
and also for cobalt which has been found in one or two places. The dithizone 
technique is the one that has mostly been applied, and this has been supple- 
mented by micro-chemical methods in some cases. Samples are tested in field 
laboratories set up in geological camps and the aim of the work has been to 
obtain quickly a plan showing qualitatively the distribution of one or two 
metals. Copper may be found where very inconspicuous casts after sulfides 
are now visible; alternatively, total absence of copper in leached outcrops, com- 
bined with other information, helps in places to determine whether any further 
work should be done on a particular deposit. 

Costeaning.—Many areas where radioactive anomalies exist are completely 
covered, or almost completely covered, by soil and laterite. In some cases, 
moreover, radioactivity increases noticeably a few feet below the surface. To 
gain any assessment of these deposits a rapid means of surface trenching is 
necessary and this is usually carried out by means of a bulldozer, although 
sinking of pits and costeans by hand has to be resorted to at times. 

It is often necessary to make tracts and roads to open up areas of interest 
and to level drill-sites, so the bulldozer finds a variety of uses in radioactive 
exploration. 

The Bureau is considering the purchase of other equipment for trench 
digging. 

Diamond Drilling—Light diamond drills, the main components of which 
could be carried by two men, were used in the early part of the investigation, 
especially where the sulfide zone is shallow. These machines give only a 
t-inch core, and core recovery, especially in the weathered graphitic schists, 
was poor. Most of the information from these shallow holes was obtained 
from the sludges which were systematically collected and dried, the sludges 
from each 5 feet of sinking being kept separate. The results so obtained were 
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found in most cases to check out fairly well wherever underground explora- 
tion was undertaken in the same area, except in the case of one underground 
horizontal diamond hole at Rum Jungle. This passed through high grade ore 
in the first part of the hole which then contaminated some of the deeper parts 
of the hole. 

The core and sludge information was supplemented by the use of geiger 
probes and generally good confirmation was obtained. This was so even in 
the hole mentioned above in which, apparently, some uranium from the high- 
grade portion of the hole had been carried along and lodged in cracks, so that 
a false high reading of the geiger probe was also obtained where subsequent 
crosscutting revealed no uranium. 

The use of the light drills has been almost completely abandoned and pres- 
ent practice is to use heavier drills and to obtain larger diameter cores. In 
addition to the obvious purpose of determining the presence, grade and thick- 
ness of orebodies in depth, some of the drilling is designed primarily to de- 
termine the type of primary mineralization underlying the various kinds of 
leached outcrops, especially where these are of a type of which no previous 
experience has been gained. Once this information is available for particular 
deposits useful generalizations can be made for other untested deposits that 
show similar characteristics. 


BurREAU OF MINERAL Resources, GEOLOGY AND GEOPHYSICS, 
COMMONWEALTH OF AUSTRALIA, 
CANBERRA City, 
March 24, 1954 


REFERENCES5 


1. Noakes, L. C., 1948, A geological reconnaissance of the Katherine-Darwin Region, N. T 
Bur. Min. Res. Australia, Bull. 16, p. 64. 

2. Gross, W. H., 1952, Radioactivity as a guide to ore: Econ. Gerot., vol. 47, p. 722-742. 

3. Sullivan, C. J., and Matheson, R. S., 1952, Uranium-copper deposits, Rum Jungle, Aus 
tralia: Econ. Grot., vol. 47, p. 751-758. . 





PETROGRAPHIC EXAMINATION OF WASHED, SCREENED 
AND CRUSHED SAMPLES OF COAL FROM THE 
SYDNEY AND ST. ROSE COALFIELDS, 

NOVA SCOTIA* 


P. A. HACQUEBARD AND K. C. LAHIRI 


CONTENTS 


PAGE 
CN ns ON Bene Ea Lea E ON ENE Le ON EERE TT ale wee 837 
Intr ENE MN in tt 5 oh ain Shs spin tw BCR. ums a Joes Rilo -¥ wm ase en Alc ci 838 


Outline of procedure, techniques and standards for petrographic analyses of 


SPOON CUE cab. 4 ystis:6 60 64.2 « clean g} cose bab i.03-0.6 60 55nd beeen nen 843 
Examination of washed coal from Emery seam of Dominion No. 24 colliery, 

OY MEI ara fee cn areal + 9: ln 0655 0 9 49.9.0.» © 6 9 :0le'0.9. 054 ST RIIE Soke ns Ri 846 
Examination of screened and crushed coal from Harbour seam of Florence 

GOUSELY, SOUND MNIEU oie 's 60g. 8 G'0.9 bio Wve 0,8 0 ¥.0 20 Tee SEMIS te ea 848 
Examination of screened and crushed coal from No. 5 seam, St. Rose coalfield 851 
CORMEIIIBEOIND 6 cater tle revs Sraigs Gs 0:0 bn 5 bs-6 vb w'0'e'e 4 3 6.0 0.0/6 0 5ib 5 hele gig De 861 
PCR RN oho ooo g 505 0 015 Save wb dtotalotn asin etale we eiieip Ribas ae Late e eon 861 
pp ae a re ea. eet eremrmerrm: ween Sree 862 


ABSTRACT 


The coal seams of the Sydney coalfield are in several ways extra- 
ordinary, since no great differences occur either in rank or petrographic 
composition. Over a stratigraphic interval of 3,800 feet the volatile mat- 
ter content varies between 36 and 40 percent (mineral matter free). All 
12 seams, with the exception of one, may be classed as very bright coal 
containing between 73 and 84 percent vitrain, plus bright clarain. How- 
ever, each seam contains dull coal horizons high in opaque matter and/or 
exinite. Concentration of these dull parts by washing, screening and 
crushing was the objective of this study. Coals were examined from the 
Emery and Harbour seams of the Sydney coalfield, and from No. 5 seam 
of the St. Rose field. 

The petrographic analyses were carried out with an integrating stage, 
using polished specimens of ground coal, mounted in lucite. Accuracy 
tests on this method were highly satisfactory. 

Results obtained are: 1. Washed coal is lower in opaque matter than 
non-washed coal, since opaque matter together with shaly impurities con- 
centrates in the fractions of higher density. 2. Concentration of opaque 
matter by screening alone depends on the amount and distribution of this 
material in the seam. Fusain is always higher in the finest fraction. 3. 
A notable concentration of dull coal is obtained by pounding and subse- 
quent screening. Grinding instead of pounding does not give results. 
Only by taking advantage of the natural differences in strength of the coal 
components can concentrations be obtained. 


1 Published by permission of the Deputy Minister, Department of Mines and Technical 
Surveys, Ottawa, Ontario, Canada. Presented before the Society of Economic Geologists, To- 
ronto Meeting, Nov. 1953. 
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INTRODUCTION 


It has long since been realized that coal is a heterogeneous substance, com- 
posed of different units that can readily be observed as banded ingredients. 
These banded ingredients, called vitrain, clarain, durain and fusain, have dif- 
ferent chemical and physical properties, and accordingly behave differently on 
carbonization. Their swelling properties, agglutinating values, gas and tar 
productions, etc., vary widely, and are related to the constituents or macerals 
that they contain. The macerals originated from the plant debris that con- 
tributed to the formation of coal. They can only be observed through the 
microscope, and carry names, such as vitrinite, exinite, or micrinite. The 
banded ingredients and the macerals contained in them vary considerably in 
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their distribution throughout the section of a coal seam. These variations, 
as a rule, greatly exceed the differences that occur between the total seam 
composition of two separate seams. This is particularly so in the Sydney 
coalfield, where the total seam composition of the various seams, with the ex- 
ception of one, is quite similar (Fig. 1). 

Added to this is the fact that rank variation within the Sydney coalfield is 
so slight that it hardly affects the seams in a different manner. Over a strati- 
graphic interval of 3,840 feet the volatile matter content (mineral matter free) 
of the 11 major seams lies between 36 and 40 percent (Fig. 1 and Table 1). 
On the other hand, the volatile matter content of vitrain and fusain from the 
same seam may vary as much as 23.61 percent. In the Tracy seam, for in- 
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stance, the volatile matter content of vitrain is 36.81 percent, while that of 
fusain is 13.20 percent. Similar differences occur in the other seams, as 
may be seen from Table II. 

Concentration of banded ingredients from individual seams is therefore of 
much importance to the Sydney coalfield. Its practical significance may also 
be concluded from Figure 2, showing the petrographic composition of coking 
coals from various coal areas. The Sydney coking coal may be classed as an 
extremely bright coal, containing only 10 percent dull coal components, and 
7 percent total opaque matter. These low figures are in sharp contrast with 
those of other coking coals, and more than likely are partly responsible for 
the rather weak nature of Sydney metallurgical coke, which has an ASTM 
stability factor that lies between 23 and 27 (tumbler test). The 14 inch shat- 
ter index of Sydney cokes is around 75, while the average index of Yorkshire 
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cokes is 82.55 (2).2 The coking coals from both areas contain about an 
equal amount of volatile matter, but the Yorkshire coals have 18 percent dull 
coal components, against 10 percent in the Sydney coals. 

That the strength of coke can be raised markedly by addition of dull coal, 
high in opaque matter, has been shown by investigations carried out in Ger- 
many by F. L. Kthlwein, C. Abramski, H. Hoffmann and others (6-11). 
Blending tests on Saar coking coals, with a volatile matter content of 39 
percent, gave the following results. An increase in shatter index from 62 to 
83 (percent retained on a 30 mm screen, after 4 drops) was obtained on coke 
produced by blending 20 percent dull coal with 80 percent coking coal. The 
dull coal contained 44 percent durain, which had 33 percent opaque matter. 
Similar results were noted when nut coal, with 24 percent dull coal compo- 
nents, was added to slack coal that contained only 14 percent. In this in- 


2 Numbers in parentheses refer to References at end of paper. 
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stance, both nut and slack coal were from the same seam, with a volatile 
matter content of 26 percent. However, the authors point out that crushing 
of the nut coal to below 1 mm is essential; otherwise no beneficial effect of 
the opaque components to the strength of the coke is obtained. This effect 
is related to the more or less inert reaction of opaque matter during car- 
bonization. In coke these inert parts may be compared with steel in re- 
inforced concrete. 

The present study was made to determine if gravity separations would 
influence the petrographic composition, and if by means of screening and 
crushing, concentrations of dull coal could be obtained. The objective being, 
the preparation of coals of a different composition than those that are now 
available. 

Petrographic analyses, on both macerals and banded ingredients, were car- 
ried out on samples from the Sydney and St. Rose coalfields. The latter was 
included, because the No. 5 seam of this field contains a considerable amount 
of dull coal, which is higher in opaque matter than any from the Sydney field. 


OUTLINE OF PROCEDURE, TECHNIQUES AND STANDARDS FOR 
PETROGRAPHIC ANALYSES OF GROUND COAL 


Petrographic analyses of washed and screened coal require a method by 
which it is possible to make quantitative determinations of macerals and banded 
ingredients on ground coal. The reflected light technique, with polished sur- 
faces, proved most adaptable for this purpose. A representative sample of 
3 to 4 grams, of the coal to be analysed, is ground to below 0.5 mm. This 
coal is embedded in lucite (or some other bond) and the percentages of the 
different components are recorded with the aid of a Leitz integrating stage, 
attached to a reflected light microscope. The method was introduced by 
Kihlwein in 1934, and has been described in detail by Hacquebard, (5). 

Kiihlwein used the integrating stage to determine the percentage of banded 
ingredients only. His figures on total seam composition thus obtained com- 
pare closely with quantitative measurements carried out on a complete series 
of polished sections (Table III). 

From Table III it is evident that the I.S. method for quantitative deter- 
minations of banded ingredients is sufficiently accurate. The microscopic 
procedure is also less tedious than is the case with other methods, and above 
all it can be carried out quite rapidly. However, the preparation of a repre- 
sentative sample is essential for reliable results. This is done by the standard 
coning and quartering method of the bulk sample, and subsequent use of the 
sample splitter for the smaller quantities of which the lucite pellets are made. 
Bulk samples of 300 to 400 Ibs. were used in this report, and of each screened 
and crushed fraction four lucite pellets, representing four quarters, were pre- 
pared and analysed. The composition given of each fraction is therefore an 
average of four different analyses. 

The determination of the type of banded ingredient from small particles 
of coal, as present in the lucite pellets, requires a strict adherence to a uniform 
classification. The rules laid down for this in the German Atlas for Applied 
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Coal Petrography (1) were followed as closely as possible. However, it was 
found that in many cases, specific standards had to be set, in order to obtain 
a uniform classification by different microscopists. As may readily be under- 
stood, it is not always possible to determine if certain small particles are de- 
rived from a bright clarain, a dull clarain, or sometimes even a durain band. 
For this purpose Figures 9 and 10 have been compiled, which show, with a 


TABLE III 


COMPARISON OF BANDED INGREDIENT DETERMINATIONS BY INTEGRATING STAGE METHOD ON 
GrouND Coat (I1,S.), AND COMPLETE SERIES OF POLISHED SECTIONS (P.S.) 
(AFTER KUHLWEIN, 9, P. 548)* 


























No. of column samples. . No. 1 | No, 2 No. 3 No. 4 
Type of examination... LS. | P.S. | LS. P.S. IS. P.S. LS. P.S 
Vitrain 46 “a | 3s 34 41 38 34 32% 
Clarain 31 29 | 38 39 36 38 42 43% 
Durain 12 13 16 14 11 13 14 14% 
Semifusain 4 4 3 3 4 4 3 3% 
Fusain 6 9 7 9 7 6 6 71% 
Carbonaceous shale 1 1 | 1 1 1 1 1 1% 

















* Columnar section of Hagen seam-Ruhr flame coal. 


series of photomicrographs, the classification that has been used for this inves- 
tigation. The degree of accuracy that was obtained by following these stand- 
ards is shown in Table IV. Four different examiners analysed four lucite 
pellets of the four quarters that were prepared of screensize —4 to +2 
inches of the St. Rose No. 5 seam. The data presented in Table IV show 


rABLE IY 


ACCURACY TEST ON INTEGRATING STAGE METHOD FOR BANDED INGREDIENTS* 























Quarter No. 1 2 3 | 4 | Average 
a P ae. ae se re ear 
Vitrain | 26 27 23 26 25% 
Bright clarain 37 39 40 38 38% 
Dull clarain | 15 13 12 13 14% 
Durain 16 15 16 17 16% 
Fusain } 3 | 5 4 3 4% 
Semifusain 3 1 5 3 3% 
7 dae a a a ee 
Examiner: | A B € D 
| | 
* St. Rose No. 5 seam-screensize —4 to +2”. 


minor variations, which are related foremost to the fact that four different 
quarters were analysed. It is felt that the average figures of the four quar- 
ters give reliable percentages of the composition of the original sample. 

The quantitative determination of macerals has also been carried out with 
lucite pellets and integrating stage. The procedure followed has been de- 
scribed by Hacquebard (5). A comparison between this method and the 
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TABLE V 
COMPARISON OF MACERAL DETERMINATIONS BY INTEGRATING STAGE METHOD ON 
GROUND COAL, AND COMPLETE SERIES OF POLISHED SECTIONS* 


Petrographic composition—percent by volume 





= Type of microscopic eS Ae ee 





A en Se 7 examination | 
Number a Vitrinite | Exinite | — Shale Pyrite 
5 polished sections 94 4 0 1 1 
I 2.6 ———————— - 
one lucite pellet oF 4 0 1 1 
8 polished sections 87 9 4 0 0 
II 4.1 —— 
one lucite pellet 87 8 4 0 1 
12 polished sections 89 8 2 0 1 
III 6.4 ——— — —-- 
one lucite pellet 86 9 3 1 1 
17 polished sections 87 6 6 0 1 
IV 9.4 ————__—- - 
one lucite pellet 86 6 5 1 2 
8 polished sections 65 7 12 14 2 
V 4.6 ——__—_—_——_ 
one lucite pellet 71 5 11 11 2 
14 polished sections 84 8 3 0 5 
VI 6.9 —__—____ | 
one lucite pellet 86 6 4 0 4 


* Columnar section of Emery seam, Sample IX-3, from Dominion No. 11 colliery, Sydney 
coalfield. 


one using a complete series of polished sections is shown in Table V. Even 
more so than with the determination of banded ingredients, a maceral analysis 
with the aid of a complete series of polished sections is a very tedious and 
lengthy procedure. Table V shows, that the differences that occur between 
the analysis of one lucite pellet and as many as 17 polished sections are only 
minor. Both a lucite pellet of ground coal and one polished section of about 
14 cm thickness can be run in one hour. Consequently, to complete interval 


TABLE VI 


VARIATIONS IN MACERAL COMPOSITION OF FOUR QUARTERS OF THE SAME SAMPLE* 








Quarter No. | 1 | 2 3 4 Average 
Vitrinite 75 74 72 75 74% 
Exinite 11 12 | 13 12 12% 
Micrinite 6 7 | 7 7 71% 
Fusinite 1 | 2 | 2 1 1% 
Shale 3 2 | 3 2 3% 
Pyrite 4 3 | 3 3 3% 


* Harbour seam, Florence colliery, Sydney coalfield, Size —4 to +2”, crushed to }/” and 
screened above 3.4 mm. 
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IV with the polished section method requires 17 hours, against one hour with 
a lucite pellet. Furthermore, it is believed that at least for a maceral deter- 
mination, the lucite pellet method is more reliable, since coal particles cut at 
different angles to the bedding plane are examined. This is not the case with 
a polished section, where each face is cut at right angles to the bedding plane. 
The iucite pellet method is therefore recommended not only for maceral de- 
terminations of coals obtained by washing, screening, or run of mine, but also 
for columnar section studies of different seams. 

The variations that occur between the maceral determinations of four quar- 
ters from the same sample are given in Table VI. Throughout the report, 
with the exception of the washed coal from the Emery seam, the average fig- 
ures thus obtained were accepted as being the composition of the whole. 


EXAMINATION OF WASHED COAL FROM EMERY SEAM OF DOMINION 
NO. 24 COLLIERY, SYDNEY COALFIELD 


A series of washing tests were carried out by the Chemical Laboratory of 
the Dominion Coal Company Ltd. at Glace Bay, on coals from the various 
collieries now in operation by this company in the Sydney coalfield. Through 








-442 (14%) | -2+1 (18%) | -i+% (20% | -wtv% (16%) | -vet+ ve (7%) [023 
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the kind cooperation of Mr. M. Bates, the chemical engineer of DOSCO, 
samples of different specific gravity fractions from the Emery seam were ob- 
tained for a petrographic analysis. The tests were carried out at 1.30, 1.40, 
1.50,.1.60, and 1.70 specific gravity, and 26 samples from coal floating at these 
densities, of the following screensizes: — 4 to +2; —2 to +1; 1 to +4; 
—}4 to +4; —} to +4; and — | inch, were examined. The — 4 inch 
screensize was not separated by gravity. 

The results are illustrated in Figure 3. The composition of the total sam- 
ple, before washing and screening, is as follows: vitrinite 79 percent; exinite 





WASHED, SCREENED AND CRUSHED SAMPLES OF COAL 847 


5 percent; opaque matter 5 percent; shale 5 percent; pyrite 6 percent (by 
weight). Figure 3 shows that gravity separation of different screensizes 
materially affects the petrographic composition, but although sizable concen- 
trations occur, the amounts of these per total sample are extremely low. The 
only exception is vitrinite, which may be concentrated to a maximum of 87 
percent in 59 percent of the total sample. Opaque matter can be concentrated 
to a maximum of 24 percent in only 0.4 percent of the total sample. This is 
not surprising, in view of the very low figure of 5 percent opaque matter in 
the original sample. Only when present in greater quantities can worthwhile 
concentrations be expected. 

The best results of the gravity separation were obtained in the finest screen 
fraction. In the — } to + 4 inch size the components are concentrated in a 
regular pattern which is in accordance with their individual specific gravities. 
Vitrinite and exinite, with a specific gravity of 1.3 and 1.2 respectively, show 
a gradual decline in the fractions of higher density. Opaque matter, shale and 
pyrite, with specific gravities of 1.4, 2 and 5, increase fairly regularly from 


TABLE VII 


Speciric GRAVITY FRACTIONS OF SCREENSIZES —4 To +} INCH COMBINED 
(By CALCULATION) * 


% ee of 59 25 A 3 | 3 

‘ es 
Vitrinite 87 78 66 48 | 33% 
Exinite | 6 4 5 5 | 4% 
Opaque matter 2 7 10 17 | 16% 
Shale 2 2 10 7 28% 
Pyrite 3 9 9 19% 
Specific gravity 1.30 1.40 1.50 1.60 1.70 


* Emery seam, Dominion No. 24 colliery, Sydney coalfield. 


the lower to the higher gravity fractions (Figs. 3, 11). A similar, but less 
regular pattern, occurs in screensize — 4 to +} inch. In the larger screen- 
sizes the components, with the exception of vitrinite, are more randomly dis- 
tributed through the different gravity fractions. The reason for this is that 
in the larger blocks the densities of shale and pyrite, both present in varying 
proportions, counteract those of the coal macerals. 

A composite of the screensizes from — 4 to + } inch, arrived at by cal- 
culation (Table VII), shows that the increase in shale in the fractions of 
higher densities is accompanied by an increase in opaque matter. This is 
caused by the fact that in the Emery seam the bulk of the opaque matter occurs 
in one horizon composed of bands of impure coal or carbonaceous shale (Table 
V, Fig. 11: 5). In these bands shale and opaque matter are so intimately 
mixed, that separation of one from the other is next to impossible. Further- 
more, the remainder of the coal is so extremely bright that a sizable concentra- 
tion of opaque matter in the lighter fractions, which are low in shale, cannot 
he expected. Only 7 percent opaque matter is present in the 1,40 float of 
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screensizes — 4 to + 4 inch combined. The high figure of 9 percent pyrite 
that accompanies this is caused foremost by the larger screensizes (— 4 to 
+ 4 inch), which contain 10 percent pyrite at 1.40 gravity, against 6 percent 
in the — $ to + 4 inch sizes. A somewhat higher percentage of opaque mat- 
ter at 1.40 float, with less pyrite, may be obtained by crushing the entire sam- 
ple to below — 3 inch screensize, and also by including the — 4 inch size in 
the gravity separation. 

The cumulative results on screensizes — 4 to + 4 inch combined are given 
in Table VIII. They show that commercial washing will produce a coal that 
is very high in vitrinite and extremely low in opaque matter. Washing there- 
fore probably has an adverse effect on the strength of coke, because the inert 
components (opaque matter) are reduced and the swelling components (vitrin- 


TABLE VIII 


CUMULATIVE RESULTS ON SPECIFIC GRAVITY SEPARATIONS OF SCREENSIZES 
—4 To +} 1ncH CoMBINED (BY CALCULATION) * 


| = 


Y% Total sample of | | 





‘ —4" to +4 met om = me “I oy pn 88 ; ol 7 int 
Vitrinite 87 85 84 83 81% 
Exinite 6 | 5 5 5 | 5% 
Opaque matter 2 3 4 4 5% 
Shale 2 2 2 3 4% 
Pyrite 3 5 | 5 5 5% 
Ash 3.83 5.70 6.37 7.19 8.14% 
Sulphur 1.57 2.28 2.42 2.50 2.62% 
Specific gravity 1.30 1.30—1.40 1.30—1.50 1.30—1.60 1.30—1.70 


* Emery seam, Dominion No. 24 colliery, Sydney coalfield. 
ite) are increased. In connection with this it may be advisable to include the 
— 4 inch screensize with the washing, since it contains most of the fusain, 
which otherwise becomes lost. 


EXAMINATION OF SCREENED AND CRUSHED COAL FROM HARBOUR SEAM 
OF FLORENCE COLLIERY, SYDNEY COALFIELD 


The Harbour seam is the most important seam of the Sydney coalfield; it 
is extensively mined and is, in general, of excellent quality. Ash and sulphur 
content, as a rule, are lower than in the other seams whereas the volatile mat- 
ter content is somewhat higher (Table I). 

The Harbour coal is a predominantly bright coal (Fig. 1), but contains, 
with the exception of the Tracy seam, more intervals with appreciable amounts 
of dull coal components than any other seam of the Sydney coalfield. Char- 
acteristic of the Harbour seam are several clarodurain bands, which are very 
high in exinite (mostly spore exines). In the Sydney Mines District, where 
the Florence colliery is located, the average seam composition is as follows: 
vitrain 25 percent; bright clarain 56 percent; dull clarain 5 percent; claro- 
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FIG.4: PETROGRAPHIC PERCENTAGE DIAGRAMS OF THE BANDED INGREDIENT 
AND MACERAL COMPOSITION OF THE HARBOUR SEAM IN FLORENCE 
COLLIERY, SYDNEY COALFIELD, NOVA SCOTIA. — 
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durain 7 percent; durain 4 percent; and fusain 3 percent (based on 7 column 
samples ) .® 

The amounts in which banded ingredients and macerals are present in dif- 
ferent intervals of the seam, are illustrated in the percentage diagrams of 
Figure 4. These diagrams were prepared of column sample 1V-3, which may 
be considered as a representative petrographic section of the Harbour seam 
in the Florence colliery. 

3 Vitrain and fusain represent bands of 1 mm or more in thickness. Bright clarain con- 
tains less than 10 percent, dull clarain from 10 to 30 percent, and durain more than 30 percent 


opaque attritus. Clarodurain has less than 30 percent opaque attritus and less than 50 percent 
vitrinite (Hacquebard, 3). 
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Figure 4 shows that considerable variations in the distribution of banded 
ingredients and macerals occur throughout the section of the Harbour seam. 
Although bright coal (high in vitrinite) strongly predominates, certain inter- 
vals contain sufficient amounts of dull coal (high in exinite, micrinite and 
fusinite) to warrant concentration experiments. 

These experiments were carried out on a 300 lb. run of mine sample from 
the Florence colliery. This sample was first screened into 6 sizes, ranging 
from — 4 to —j inch. Next the larger sizes of — 4 to + 2 inches and — 4 
to + 1 inch were ground to } inch, and then screened above and below 3.4 
mm. Finally, pounding experiments were made on sizes — 4 to + 1 inch, 
and — 4 to + } inch, which were pounded until } 


5 
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ties was retained above 3.4 mm screensize. The petrographic analyses were 
carried out for macerals only, and the results are illustrated in Figure 5. 

The screen analyses showed minor, though significant differences. From 
the largest to the smallest screensizes the following variations were noted: 
vitrinite increased from 78 to 84 percent; exinite decreased from 8 to 3 per- 
cent; micrinite dropped from 8 to 4 percent; fusinite remained constant at 
1 percent, until the — 4 inch size was reached, where it increased to 5 percent ; 
shale varied only from 2 to 3 percent; whereas pyrite dropped from 5 to 3 
percent. 


The grinding experiments carried out on the larger screensizes were made 
with the objective of further concentrating the macerals exinite and micrinite, 
which occur more abundantly in these sizes than in the smaller ones. The 
tests were only partially successful, and revealed that exinite may be increased 
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from 8 to 12 percent, but an increase of micrinite was not obtained. This 
may be explained by the fact that the grinding does not take full advantage 
of the natural differences in strength that exist between the coal components. 

The results of the pounding experiments, however, were most encouraging. 
Exinite increased from 7 to 18 percent in the — 4 to + 1 inch size, and from 
7 to 26 percent in the — 4 to + } inch size. Concentration of micrinite was 
less pronounced, and ranged from 7 to 8 percent, and from 6 to 11 percent, 
respectively. That these figures are not higher is due to the composition of 
the dull coal in the Harbour seam. This seam contains 7 percent clarodurain, 
against only 4 percent durain. The former consists almost entirely of spore 
exines, whereas the latter, according to its definition, must have more than 30 


TABLE IX 


RESULTS OF POUNDING EXPERIMENTS ON SCREENSIZES —4 TO +1 INCH AND —4 To +} INCH 
(POUNDED UNTIL 4 IS RETAINED ABOVE 3.4 MM. SCREENSIZE) * 


| : | | 


Percent Proximate analyses (%)t 


























Screen size Type of sample total — a —— 
sample ’ | : | ae | , 
| Moist. V.M. | F.C, Ash | Sulph. 
pa ina? © or aT ot a a 
-4to +1” original 56 1.3 37.0 56.0 5.7 | 1.3 
after pounding 19 i 39.1 55.4 4.2 1.3 
-4to +1” original 81 1.5 38.3 56.1 4.1 1.6 
after pounding 27 1.2 44.1 46.2 8.5 1.8 
Percent Petrographic analyses (% by weight) 
Screen size | Type of sample | total ——— 
| sample RS, PRE Ra eee (ie : eee 
Vitrinite | Exinite | Micrinite Fusinite | Shale Pyrite 
—E ———EE= Saar ee in ee idnceets 
_ | - | = a » - 
-4to +1” original 56 } 78 7 7 1 2 5 
after pounding 19 70 r 8 1 1 2 
-4to +}” original 81 79 7 6 1 Zz . 4 


after pounding 27 54 26 =| 11 1 a ‘ees (ee 


* Harbour seam, Florence colliery, Sydney coalfield. 
+t These data were kindly supplied by the Fuel Research Laboratories of the Mines Branch, 
Department of Mines and Technical Surveys.—Ottawa, Ont. 


percent opaque attritus (micrinite plus fusinite). Added to this is the com- 
position of dull clarain, which also contains a considerable amount of exinite 
but, as a rule, is fairly low in micrinite (Fig. 12). 

That by pounding and subsequent screening a different coal has been pre- 
pared is substantiated by the proximate analyses that are given in Table IX. 
The increases in volatile matter content are undoubtedly caused by the con- 
centtfations of exinite. 


EXAMINATION OF SCREENED AND CRUSHED COAL FROM NO. 5 SEAM, 
ST ROSE COALFIELD 


The petrographic composition of the St. Rose No. 5 seam is entirely dif- 
ferent from the Harbour seam of the Sydney coalfield. This may at once be 
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noticed from the total seam composition of the No. 5 seam, which was calcu- 
lated from columnar section SR 1, described in detail in a previous publication 
(Hacquebard, 4). The following figures were obtained: vitrain 19 percent; 
bright clarain 23 percent; dull clarain 36 percent; clarodurain 2 percent; 
durain 17 percent; and fusain 3 percent. (See footnote 3.) This seam is 
further characterized by its uniform distribution of dull coal thoughout the 
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FIG.6; PETROGRAPHIC PERCENTAGE DIAGRAM OF 
THE BANDED INGREDIENT COMPOSITION 
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section of the seam (Fig. 6). This distribution is greatly unlike that of the 
Harbour seam, where the dull horizons are separated by very bright coal, 
containing much vitrinite (compare Fig. 4). Another striking difference is 
the maceral content of the dull coal components. In the No. 5 seam these 
components are low in exinite (only 5% ), but high in opaque attritus (from 
22 to 51%) (Fig. 9: 13; Fig. 10: 2, 10; Fig. 7). 
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These differences also find expression in the proximate analyses of the 
No. 5 and Harbour seams. The former is somewhat lower in rank and, un- 
fortunately, much higher in ash and sulphur than the latter. The analysis of 
the No. 5 seam gave the following figures: fixed carbon 50.85 percent; volatile 
matter 38.15 percent; ash 11 percent; and sulphur 7.0 percent. 
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VITRAIN BRIGHT CLARAIN 





CLARODURAIN 





Fic. 9. Classification of banded ingredients from small particles of coal. 


4 All pictures illustrated are from photographs taken by P. A. Hacquebard and M. S. Barss, 
Technician, Fuels Resources Division, Geological Survey of Canada. 
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Concentration experiments, similar to those on the Harbour seam, were 
carried out on a run of mine sample of the No. 5 seam. However, the uni- 
form distribution of dull clarain and durain, both high in opaque matter, made 
it rather doubtful if equally good results could be obtained. This seam was 
chosen, nevertheless, because both its amount of dull coal and of opaque matter 
exceeds that of any seam in the Sydney coalfield. 

The petrographic analyses, carried out on both macerals and banded in- 
gredients gave the following results (Figs. 7 and 8). 

In the different screensizes from — 4 to — | inch vitrinite varied between 
74 and 63 percent, but not in a regular manner. The — } inch size had the 
lowest figure, whereas 74 percent was present in the — 4 to + } inch size. 
In the Harbour seam (see page 850) vitrinite increased from 78 to 84 per cent 
in a regular fashion from the largest to the smallest screensizes. Exinite re- 
mained constant at 2 percent. Micrinite decreased fairly uniformly from 17 
to 9 percent. Fusinite stayed constant at 2 percent, until it increased to 7 
percent in the — } inch size. Shale showed an increase from 2 to 5 percent, 
and pyrite varied rather irregularly between 9 and 14 percent (Fig. 7). 

As was the case with the Harbour coal, grinding to } inch and subsequent 
screening at 3.4 mm hardly affected the petrographic composition. The coal 
retained above 3.4 mm screensize showed a drop of 5 percent in vitrinite, 
which was accompanied by a 2 percent increase in exinite, shale, and pyrite 
respectively, as compared to the original samples (size — 4 to + } inch). 

The pounding tests were also disappointing because a sizable increase in 
opaque matter (micrinite plus fusinite), which was the objective of this inves- 
tigation, was not obtained. After pounding, opaque matter was concentrated 


Particles classed as one banded ingredient. 
Vitrain 

Small: 1, vitrinite only. x 120°; 2, vitrinite with one or two small fragments 
of opaque attritus or exinite. 

Larger : 3, vitrinite with one or two scattered microspores, cuticles or fragments 
of opaque attritus. 

Bright Clarain 

Small: 5, vitrinite with vague traces of resinous (?) matter; 6, vitrinite with 
one or two small spores, cuticles or fragments of opaque attritus ; 8, vitrinite 
containing between 5 and 10% opaque attritus; 9, exinite only. 

Larger: 4, particle containing more than 50% vitrinite, with exinite, and less 
than 10% opaque attritus; 7, particles composed of bands less than 100 mi- 
crons: consider whole piece, in this case bright clarain; 10, vitrinite contain- 
ing resinite; 11, vitrinite with several thin cuticles. 

Dull Clarain 

Small: 12, vitrinite containing between 10 and 309 opaque attritus. 

Larger: 13, particle containing more than 50% vitrinite, with exinite and be- 
tween 10 and 30% opaque attritus. 

Clarodurain 

14, particle containing less than 50% vitrinite and less than 30% opaque attritus 
(from Harbour seam, Florence colliery). 

5 All pictures illustrated on Figs. 9 and 10, except Fig. 9: 14, were taken from the St. Rose 

No. 5 seam. 
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Fic. 10. Particles classed as one banded ingredient (continued). 
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from 18 to 21 percent in the — 4 to + 1 inch size, and remained constant at 
17 percent in the — 4 to + } inch size. In both cases, moreover, shale and 
pyrite increased by 1 and 4 percent, and by 2 and 3 percent respectively, in 
the two screensizes that were used. 

The results of the banded ingredient analyses, illustrated in Figure 8, 
were quite different from those of the macerals. The banded ingredients were 
more regularly distributed through the different screensizes, and higher con- 
centrations were obtained in the pounded samples. 

The screen analyses showed the following variations between the largest 
and smallest screensizes. Vitrain increased from 25 to 31 percent. Bright 
clarain increased from 38 to 49 percent in the — } to + inch size, and then 
dropped to 43 percent in the — | inch size. Dull clarain showed a somewhat 
irregular decline from 14 to 9 percent. Durain decreased very regularly from 
16 to 7 percent. Fusain remained practically constant at 4 percent, until the 
— } inch size was reached, where it increased to 8 percent. Semifusain 
stayed constant at 3 percent. 

The grinding experiment, again, hardly affected the petrographic composi- 
tion and therefore needs no further comments. 

In contrast to opaque matter, which was only slightly affected by pound- 
ing, a sizable concentration of durain, and to a lesser degree of dull clarain, 
was obtained. Durain was concentrated from 15 to 27 percent in screensize 
Durain 

Small: 1, vitrinite containing between 30 and 95% opaque attritus. 

Larger: 2, particle containing more than 30% opaque attritus, and varying 

amounts of vitrinite and exinite. 
Fusain 
Small: 3, fusinite splinter ; 4, particle containing more than 95% opaque attritus. 
Larger: 5, fusain with cellular structure. 
Semifusain 

Small: 6, isolated sclerotioid; 7, sclerotioid plus a minor amount of other 

material. 

Larger: 8, semifusain with cellular structure. 


Composite Particles 


Size rule: 1, for vitrain, bright and dull clarain, clarodurain and durain bands 
lift out when greater than 100 microns, and run the remainder as is; 2, (a) 
for fusain and semifusain bands present in vitrain, bright and dull clarain 
lift out when greater than 50 microns; (b) when present in clarodurain and 
durain lift out when greater than 100 microns. 

9, particle composed of vitrain (V) and bright clarain (BC). The upper 
vitrain band is greater than 100 microns, but the lower vitrain being less than 
100 microns is included with the overlying band, and together are classed as 
bright clarain; 10, particle composed of dull clarain (DC) and durain (D). 
Both are greater than 100 microns, but if one were less than 100 microns the 
particle would still be considered as two banded ingredients; 11, particle 
composed of fusain (F) and bright clarain (BC). The fusain is greater 
than 50 microns; 12, particle composed of fusain (F) and durain (D). The 
fusain is greater than 100 microns. 
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— 4to + 1 inch and from 14 to 23 percent in the — 4 to +4 inch size. Dull 
coal, composed of dull clarain, durain, fusain and semifusain, was concentrated, 
in the same sizes, from 36 to 51 percent, and from 34 to 47 percent, in re- 
spectively 20 and 28 percent of the original run of mine sample. 

Although the discrepancies between the concentrations of dull coal and 
opaque matter are rather striking at first sight they can be readily explained 
by calculation. 

When using the maceral composition of the banded ingredients, as shown 
in Figure 7, one can compute the total amount of opaque matter that is con- 
tributed by bright and dull clarain, by durain, and by fusain and semifusain 
(for the last two mentioned 100% is used). By doing so the pounded coal 
of — 4 to + 1 inch size that has 51 percent dull coal should have 25 percent 
opaque matter, against 21 percent before it was pounded. These figures com- 
pare with. 21 and 18 percent that were obtained by the maceral analyses. 
That the latter are from 3 to 4 percent lower than the former may be ex- 
plained by the fact that it is rather difficult to arrive at a perfectly reliable 
average for the maceral composition of the banded ingredients. 

From the above it may be concluded that a banded ingredient analysis alone 
is insufficient. It should be accompanied by a maceral determination, if not 
on the whole sample, then at least on the different banded ingredients, which 
may have largely varying maceral compositions. 

Although a sizable concentration of dull coal was obtained, this was not 
accompanied by a substantial increase in the amount of opaque matter. There- 
fore the question remains: has a different coal been prepared? The proximate 
analyses showed that, at least chemically, this was not the case. However, it 
remains to be seen what effect, if any, the distribution of opaque matter within 
the coal will have on its coking properties. One could almost make any com- 
bination of banded ingredients with varying amounts of macerals, to obtain a 
coal that has 21 percent opaque matter. The banded ingredients occur in 
finely crushed coal as separate units, whereas the macerals do not. These 
units, or coal fragments, probably will react separately on carbonization, and 
as a result may behave differently according to their individual composition. 
This thought is substantiated by microscopic analyses on coke prepared by 
blending coals of different rank. In an article by Jenkner (7), illustrations 
of polished sections of coke show that particles of higher rank material react 
separately and differently from those of lower rank origin. 

Coking tests were not carried out on the different samples prepared of 
the St. Rose No. 5 seam, because their high ash and sulphur content did not 
warrant this. However, it is hoped that these investigations may be con- 
tinued, and that in the future the possible relationships as discussed here may 
be further examined. 


1, clean coal at 1.30 sp. gr., very high in vitrinite (x 33); 2, fairly dirty coal at 
1.50 sp. gr., black is shale (Xx 33); 3, dirty coal at 1.70 sp. gr., very high in 
shale (x 33); 4, concentration of fusain, mostly as splinters, in screensize 
— 1} to +4 inch at 1.60 sp. gr. (X 110); 5, opaque matter in carbonaceous 
shale (x 110); 6, finely divided pyrite in clean bright coal (x 70). 
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Fic. 12. Harbour coal. 











WASHED, SCREENED AND CRUSHED SAMPLES OF COAL 861 


CONCLUSIONS 


Gravity separation of different screensizes materially affects the petro- 
graphic composition. Vitrinite and exinite are concentrated in the lighter 
fractions, opaque matter together with shale and pyrite in the heavier ones. 
The best separation results are obtained with the finest screensizes. Com- 
mercial washing probably has an adverse effect on the strength of coke, be- 
cause the inert components (opaque matter) are reduced and the swelling 
components (vitrinite) are increased. 

Dull coal components, high in exinite and/or opaque matter, can be con- 
centrated by screening, but even more so by crushing of the larger screen 
sizes by means of elastic pounding and subsequent fine screening. However, 
the success that may be obtained is related to the distribution of the dull coal 
components through the section of the seam. Only when these components 
are separated by bright coal, high in vitrinite, can sizable concentrations be 
expected. 

Banded ingredient analyses alone are insufficient. They should be ac- 
companied by maceral determinations, if not on the whole sample, then at 
least on the different banded ingredients, which may have largely varying 
maceral compositions. The opposite is equally true, particularly in relation 
to studies of coking coals, since a coal containing, e.g., 20 percent opaque 
matter may be composed of greatly varying amounts of banded ingredients. 
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1, spores (exinite) in groundmass of vitrinite (xX 110); 2, dense spores, typical 
for so-called bony bands in Harbour seam. Cut in bedding plane (xX 110); 
3, micrinite composed of small particles, well distributed (x 110); 4, massive 
micrinite surrounded by spores (X 110); 5, particle of fusain with empty, or 
gas filled cell cavities, except at extreme right, where they are filled with pyrite 
(X 110); 6, massive micrinite in carbonceous shale (X 110). 








862 P. A. HACQUEBARD AND K. C. LAHIRI 


i) 


10. 


11, 


REFERENCES 


. Atlas fiir angewandte Steinkohlenpetrographie, 1951, compiled by Abramski, C., Mac- 


kowsky, M. Th., Mantel, W., and Stach, E., Verlag Gliickauf G. M. B. H., Essen, 
p. 329. 


. Elliot, C. D., 1944, Ironmaking at the Appleby-Frodingham works of the United Steel 


Companies, Ltd.: Iron and Steel Inst., Special Rpt. no. 30. 


. Hacquebard, P. A., 1950, The nomenclature and classification of coal petrography: N. S. 


Dept. Mines and N. S. Research Foundation, Conference on the Origin and Constitu- 
tion of Coal, Crystal Cliffs, Nova Scotia, June 21-23, p. 8-38. 

, 1951, The correlation, by petrographic analyses, of No. 5 seam in the St. Rose 
and Chimney Corner coalfields, Nova Scotia: Geol. Survey Canada, Bull. 19, 33 p. 
, 1952: Opaque matter in coal: Econ. Grot., vol. 47, no. 5, p. 494-516. 








. Hoffmann, H., and Kiihlwein, F. L., 1935, Rohstoffliche und verkokungstechnische Unter- 


suchungen an Saarkohlen: Gliickauf nr. 27, p. 625-639; and nr. 28, p. 657-665. 


. Jenkner, A., 1952, Neue Gesichtspunkte zur Frage des Einfiusses der Mahl-und Mischan- 


lage fiir Kokskohle auf die Kokseigenschaften: Gliickauf Heft 15/16, p. 363-367. 


. Kihlwein, F. L., 1935, Ergebnisse von Schwelversuchen mit schwelwurdigen Mischungen 


und Aufbereitungserzeugnissen von Steinkohlen: Gliickauf nr. 45, p. 1078-1089. 

1937, Bedeutung der angewandten Kohlenpetrographie fiir Kohlengewinnung., 
Kohlenaufbereitung und Kohlenveredelung: Congrés Stratigr. Carb. Heerlen, 1935, 
Tome II, p. 538-601. 

, and Abramski, C., 1939, Praktische Ergebnisse bei Kohlenauswahl, Kohlenmischung 
und Koksverbesserung fiir die Hochtemperaturverkokung: Gliickauf nr. 44, p. 865- 
874; and nr. 45, p. 881-890. 

. 1947, Ways to the best possible utilization of coal: Special Edition Bergbau-Archiv, 











vol. 5/6, 21 p. 











A SUGGESTED SOURCE OF THE THIOPHILE ELEMENTS 
OF THE TERTIARY ORE DEPOSITS OF 
THE SOUTHWEST 


J. R. HILLEBRAND 


ABSTRACT 


Modern theories of petrogenesis coupled with the available data on the 
metal content of rocks suggest ore solutions are not derived either from 
metamorphism of crustal material or through the crystallization of mag- 
mas resulting from palingenesis of crustal material. Either of these 
processes present problems of concentration and in explaining some field 
relations. A review of the complex thermal histories of several mining 
districts indicates an equally complex source for the various magmas and 
ore solutions. The source is believed to be a zone of magmation at the 
base of the crust involving both crustal and sub-crustal material. The 
ore metals are believed to have been originally dispersed as segregations 
in the sub-crust. The theory offers a new explanation for metallogenic 
provinces, the relation between structural provinces and ore deposits, and 
the association of ore deposits with intrusives. 


INTRODUCTION 


THIS paper presents some conclusions regarding the source of the metals of 
the Tertiary ore deposits of the southwestern United States and northern Mex- 
ico. What is presented concerning the source of the metals for these deposits 
the writer does not attempt to apply universally to deposits of other areas or 
other ages. I am aware this discussion is inferred from data subject to varied 
interpretation. It is presented to stimulate further discussion. 

The discussion may conveniently be divided into three sections: 1) thi- 
ophile (sulphur-loving) elements in the crust and their concentration; 2) a 
theory of source; 3) some consequences of the theory. 

The writer wishes to express his appreciation to Harrison Schmitt of Sil- 
ver City, New Mexico; T. S. Lovering of the United States Geological Sur- 
vey, Denver; and B. S. Butler, E. B. Mayo, and R. L. DuBois of the Univer- 
sity of Arizona, Tucson, for critically reading the manuscript and offering sug- 
gestions for its improvement. 


THIOPHILE ELEMENTS IN THE CRUST AND THEIR CONCENTRATION 
Metal Content of Rocks 


Data on the metal content of all rocks are far from complete. First, the 
number of analyses are few. Second, the analyses are commonly given as 
average values rather than maximum, mean, and minimum values. Third, 
an area is seldom thoroughly sampled so that for what mass a given analysis 
is representative remains unknown. The analyses quoted in Table 1 were 
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assembled by Rankama and Sahama (16)! from various sources. All are 
average values. 


TABLE 1 
METAL CONTENT OF Rocks (RANKAMA AND SAHAMA, 1950) 
Copper Lead 

o oO, 

70 /0 
mafic igneous rocks 0.0149 mafic igneous rocks 0.0009 
inter. igneous rocks 0.0038 felsic igneous rocks 0.0019-0.003 
felsic igneous rocks 0.0016 sandstones, shales 0.002 
Mississippi silt 0.0034 limestones, dolomites 0.0005-0.003 
Ital. argill. sed. 0.0192 
limestones 0.0020 
dolomites 0.0013 

Gold Silver 
% % 
mafic igneous rocks 0.00002 mafic igneous rocks 0.0007 
felsic igneous rocks 0.0001 felsic igneous rocks 0.00009-0.0008 
sandstone 0.000003 terrug. sed., Africa 0.00007 
limestone 0.0000009 sandstone 0.00004 
limestone 0.00002 
Zinc 
oO 
‘© 
mafic igneous rocks 0.009 


inter. igneous rocks 0.01-0.02 
felsic igneous rocks 0.003-0.015 


shale 0.02-0.1 
sandstone 0.002 
limestone 0.005 


Concentration of the Metal Content of Rocks 


Since the primary content in rocks of the thiophile metals is so small, con- 
sideration must be given to whether it can be concentrated into ore deposits. 
For example, Mason (10, p. 43) has calculated that ore bodies of copper of 
1 percent grade, of zinc of 4 percent grade, and of lead of 4 percent grade rep- 
resent concentrations 140, 300, and 2,500 percent greater than the estimated 
amounts of copper, zinc, and lead respectively in the crust. 

Concentration may be achieved either through metamorphism or palin- 
genesis (magmatism). As used in this discussion, the latter process includes 
concentrations resulting from the crystallization of a liquid silicate melt, while 
the former process includes concentrations resulting from changes throughout 
which the system remains largely in the crystalline state. 


Concentration by Palingenesis of Crustal Material 


Available evidence suggests magmas are palingenetic in origin; that is, 
they result from the fusion of crustal and sub-crustal material. Seismic data 
indicate the sialic crust is crystalline. That no permanent magma zone exists 
in the simatic sub-crust is suggested: 1) because pressure alone apparently 
cannot impart to vitreous basalt the rigidity and viscosity required by seismic 


1 Numbers in parentheses refer to References at end of paper. 
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observations as indicated by Birch and Bancroft (1), it is not likely that at 
any depth below the crust the temperature permanently exceeds the melting 
range of basalt at that depth (19, p. 358). 

Consider a magma undergoing crystallization. Goranson’s (6) experi- 
ments indicate a granitic magma may contain in solution, depending on P-T 
relations, a maximum of about 10 percent water. Any amount above this 
presumably separates as an immiscible phase. Thus in the middle stages of 
magmatic crystallization the system consists of: 1) a liquid silicate phase, com- 
posed predominantly of silica and alumina, with soda, potash, magnesia, cal- 
cium oxide, the iron oxides, water, and “mineralizers” ; 2) a crystalline phase, 
composed chiefly of silicate minerals; 3) a water phase, composed predomi- 
nantly of water and “mineralizers.” The latter phase may exert considerable 
vapor pressure, will readily move to areas of reduced pressure, and thereby 
separate from the area of the solid and liquid phases. In the final stages of 
crystallization the liquid silicate phase may be quantitatively small and soluble 
in the more abundant water phase. This can be referred to as the “fluid end 
phase.” The present question—in which phase do the metals concentrate? 

Analyses quoted by Rankama and Sahama (16) show zinc may be present 
in the mafic silicate minerals and lead in apatite and potash feldspar, but the 
quantities are negligible. In both cases the metals are concentrated in the 
later fractions of the non-solid phases (16, p. 710, 733). Their presence in 
the silicates may represent post-crystallization introduction into the silicate 
lattice. 

Gold, silver, and particularly copper are concentrated in the sulphides of 
igneous rocks. Recent work by Moorehouse (11) has shown that sulphides 
are of late crystallization and thus the product of the final fractions of the fluid 
phases. At the time of the sulphide precipitation, the existing fluid phase 
may be the “fluid end phase,” or a phase approaching it. For the present it 
will be considered to be the phase in which the thiophile elements are concen- 
trated before deposition. 

The “fluid end phase” is presumably distributed throughout the interstices 
of the precipitated crystals. All or part will remain in the interstices while 
none or part may migrate to some other area. That which remains in the 
interstices will either precipitate minerals in the interstices, or react with the 
existing minerals forming new minerals or performing minor lattice substitu- 
tions without the formation of new minerals. Many deuteric reactions fall 
within the latter two categories. 

Two questions now arise: first, what is the nature of the “plumbing sys- 
tem” and the character of the “fluid end phase” which permits its migration 
from the innumerable interstitial areas into the relatively few feeder channels 
of an ore district; second, what volume of rock would be required to supply 
the metal of some of the great southwestern mining districts ? 

Concerning the first question, the “plumbing system” must obviously be 
inter-connected and, as shall presently be shown, must be inter-connected 
through a large volume of rock. The driving force of the solution must be 
provided by the solution itself, for its viscosity is such that any external pres- 
sure would disperse it into the interstitial areas as readily as it would drive it 
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along the larger channelways (which external rock pressure would tend to 
close). 

Copper is one of the more abundant base metals in rocks. Felsic to inter- 
mediate granitic rocks, schists, and gneisses (the common basement rocks and 
those subject to palingenesis or metamorphism in the southwest), average 
50 parts per million copper. If the copper of some of the large districts of 
the southwest—Bingham, Miami, Morenci, or San Manuel—were to be de- 
rived from the hydrothermal solutions resulting from the crystallization of a 
palingenetic magma, it would require the fusion of ten to twenty cubic miles 
of the sial crust. Since the total metal content of the rock very likely is not 
removed by the fugitive portion of the “fluid end phase,” a greater volume of 
rock is actually required. The large volumes of palingenetic magma required 
suggest to the writer that such magmas are not the source of ore solutions. 

Finally, as Ramberg (15, p. 186) states: “. . . it is to be expected that 
the same elements which are “fugitive” and mobile in the late magmatic stage 
will also be relatively easily mobilized during progressive metamorphism.” If 
ore solutions were a differentiation product of palingenetic magmas it might 
be expected that they would become activated during the formation of the 
magma, and precede the intrusion of the magma(s) into the upper crust. 
This would be contrary to the known relations, and suggests ore solutions are 
not derived through palingenesis of crustal material. 


Concentration by Metamorphism of Crustal Material 


Few data are available on the mobility of the thiophile elements under vari- 
ous metamorphic conditigns, Ramberg (15, p. 265) believes metamorphic 
mobilization and concentiation were responsible for many of the sulphide 
lenses of metamorphic terrains. However, the Tertiary ore bodies of the 
southwest are in many, if not most cases, in rocks that lack metamorphism 
(other than hydrothermal alteration) related in time to the mineralization. 
That metamorphism of the basement rocks at depth moved the metals into the 
non-metamorphosed zones where they were precipitated is doubtful, in that 
like palingenesis it requires the removal of metals from huge volumes of rock. 

Recent work bearing on this question has been done by Shaw (17), who 
studied the trace element distribution of a metamorphic terrain in New Hamp- 
shire. He finds that the concentration of most elements remains constant 
during regional metamorphism. Nickel and copper show a slight decrease, 
while lithium and lead show a well-defined increase, of the order of 100 
percent. 


Considerations from Actual Occurrences 


While theoretical considerations do not give conclusive answers to whether 
or not the thiophile metals of the southwestern Tertiary ore deposits could be 
concentrated by metamorphism or palingenesis of crustal material, several 
areas pose interesting problems to this supposition. 

Colorado Front Range.—The geology and ore deposits of the Front Range 
mineral belt of Colorado were recently described by Lovering and Goddard 
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(9). The Front Range consists of a core of Precambrian granites, gneisses, 
and schists flanked by Paleozoic and Mesozoic sediments. Two ages of ore 
deposits are present: Precambrian and Tertiary. Concerning the Precam- 
brian ores Lovering (8, p. 273) states: “In contrast to the Tertiary ores of 
Colorado, The Precambrian ores are chiefly valuable for their copper content.” 
The Tertiary ores are valuable for their gold, silver, lead, and zinc; copper is 
minor or absent. 

If the metals for the deposits of both periods were concentrated from the 
rocks of the Precambrian complex, why is the metal content of the two min- 
eralization periods so different? 

Old Hat, Arizona.—Consider a second case on a local scale, that of the 
Old Hat district, Pinal County, Arizona. Two deposits are present; the dis- 
seminated copper deposit at San Manuel, and the gold-silver-lead-zine veins 
at Tiger, 2,500 feet to the north. The San Manuel deposit occurs in Pre- 
cambrian quartz monzonite and intrusive monzonite of Laramide (?) age. 
It is cut by post-mineral rhyolite dikes that are pre-mineral at Tiger. Produc- 
tion from Tiger through 1951 is: gold, 405,000 ounces; silver, 1,450,000 
ounces ; lead, 111,000,000 pounds ; zinc, 62,000,000 pounds ; copper, 6,000,000 
pounds. The San Manuel deposit contains over eight billion pounds of cop- 
per, with small amounts of gold, silver, and molybdenum. 

If the ore solutions for these deposits resulted from two periods of meta- 
morphism or palingenesis in the same Precambrian basement, why were the 
solutions of the first period so enriched in copper and lacking in other metals, 
while those of the second period were relatively lacking in copper but contain- 
ing abundant lead and zinc? 


A THEORY OF SOURCE 


Assuming sampling is representative of the major fraction of the mass of 
the crust, the preceding discussion suggests the metals of the Tertiary ore 
deposits of the southwest could not be concentrated from continental crustal 
material. This leads to a consideration of a sub-crustal source for these 
metals. 

The density stratification present within the earth today, coupled with the 
apparent uniformity of rate of geologic activity from at least the late Precam- 
brian to the present, suggests that at some time within the history of the earth 
it was capable of rapid and rather complete density separation. This process 
may be, and probably is, continuing at present, but presumably at a much re- 
duced rate. The thickened sial of the crust that results in mountain eleva- 
tions * is believed, in part, to represent sialic material originally present as 

2 Geodetic work indicates isostatic compensation is of a modified “root” type, and further, 
that existing mountain ranges, continental basins, and plateaus are in good isostatic balance 
(3). Since throughout the southwest there are areas that were stable for geologic period(s) 
below sea level and which are now stable as mountain elevations, a thickening of the sial crust 
must have occurred in these areas. This thickening may have occurred through structural 
or igneous-metamorphic processes. In geosynclinal belts the thickening may result from the 
folding, overthrusting, and metamorphism attendant upon the change of the geosyncline from 
a stable negative to an unstable positive structural element. Overthrusting may also account 
for the thickening in some Cordilleran ranges. But there are other areas, like the Colorado 
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segregations within the sub-crust (the zone within the earth between approxi- 
mately 40 and 400 kilometers) which have migrated, for causes unknown, to 
areas at the base of the sialic crust and there became incorporated into the sialic 
portion. Associated with, and accompanying the sial segregations are metal- 
liferous segregations that are the source of the metals of ore deposits. These 
segregations could occur separately in the sub-stratum or within the sial 
segregations. 

That such segregations exist is suggested by the fact that physical separa- 
tions are never perfect; some small fraction of the “foreign” material always 
remains. This fraction admittedly is very small, but considering the mass of 
material involved the amount may be quite large. For example, a continental 
crust, 40 kilometers thick, is only one-twentieth of the mass of the zone ex- 
tending from 40 to 400 kilometers within the earth. Since most of the crust 
has existed since Precambrian time, the amount of sial that must be added to 
account for the mountain systems originating in this manner since that time 
is quite small, probably a fraction of a percent of the total mass of the sub- 
crustal zone. 

At this point a review of the Mesozoic and Tertiary thermal histories of 
some southwestern mining districts is of interest. With the exception of the 
Old Hat district, the sequences are largely assembled from published reports. 


Old Hat District, Arizona 


1) intrusion of quartz monzonite porphyry plugs and dikes 

2) intrusion of diabase 

3) hydrothermal alteration at San Manuel 

4) copper mineralization at San Manuel 

5) erosion 

6) intrusion of andesite porphyry dikes associated with andesite and basalt 
flows 

7) intrusion of rhyolite and rhyolite breccia plugs and dikes 

8) gold-silver-lead-zinc mineralization at Tiger 

West Mountain District, Utah (Stringham, 1953) 

1) granitization of quartzite forming orthoclase granite, granite, orthoclase 
syenite, quartz monzonite, syenodiorite, quartz diorite, granodiorite, 
diorite, and actinolite syenite 

2) intrusion of granite porphyry and quartz latite porphyry 

3) alteration of the following types in the following sequence: 

a) illite-kaolinite (localized) 
b) biotite-sericite (widespread ) 
c) chlorite-biotite (localized) 
d) quartz-sericite (localized) 
e) quartz veinlet filling 

4) copper mineralization 

5) sericite-allophane alteration (widespread) 

6) lead-zinc mineralization 


Plateau and many of the Cordilleran ranges, where structural thickening does not appear to 
have occurred, yet the areas are strong positive elements. For these cases it is concluded 
crustal thickening resulted from the addition of sial to the base of the crust. This may be 
achieved either by lateral migration of sial at the base of the crust or, to a lesser extent, by 
the addition to the crust of sial segregations from within the sub-stratum. 
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Central District, New Mexico (Lasky, 1936; Schmitt, 1954; 
Spencer and Paige, 1935) 
injection of two periods of quartz diorite sills 
weak quartz-pyrite mineralization 
injection of granodiorite “stocks” 
injection of granodiorite dikes 
development of skarn zone, magnetite mineralization 
zinc mineralization at Hanover 
injection of quartz monzonite facies of the “stocks” and the quartz mon- 
zonite dikes 
zinc mineralization in the Bayard area; alteration of the Santa Rita stock 
copper mineralization at Santa Rita 
10) erosion 
deposition of a thick series of lithic and crystal tuffs 
injection of quartz latite plugs and dikes 
weak pyrite, quartz-pyrite, and quartz-calcite mineralization 
14) extrusion of basalt and andesite flows 
Ajo District, Arizona (Gilluly, 1946) 
1) intrusion of Chico Shunie complex (quartz monzonites, some potash gran- 
ite, albite granite, quartz diorite, and trondjemite, which may be of 
several ages). A complex of rheomorphic origin? 
2) development of cataclastic and brecciated texture in the Chico Shunie 
complex 
) erosion 
4) extrusion of andesites, andesitic tuffs and breccias; albitization and intro- 
duction of quartz yielding keratophyres and quartz keratophyres flows, 
breccias, and tuffs 
5) intrusion of Cornelia stock 
a) development of dioritic border facies; formation of narrow (few 
feet wide) hornfels zone in country rock 
b) development of equigranular and porphyritic quartz monzonite facies 
6) formation of replacement pegmatites; local orthoclasation 
7) formation of magnetite in Cornelia stock 
8) albitization and sericitization of Cornelia stock and adjacent rock 
9) copper mineralization 
10) erosion 
11) extrusion of andesites, latites, and basalts. 


Central City Area, Colorado (Lovering and Goddard, 1950) 

1) intrusion of dikes and stocks of sodic monzonite and quartz monzonite 
porphyry 

2) intrusion of dikes of alaskite porphyry 

3) intrusion of dikes of alaskite syenite 

4) intrusion of dikes of bostonite and bostonite porphyry 

5) pyritic gold mineralization (the predominant mineralization) 

6) galena-sphalerite with gold, silver, mineralization 

7) intrusion of dikes of biotite latite 

8) telluric gold, silver, mineralization 


mOOO NAuAWNHe 
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These examples illustrate the complexity occurring in mining districts that 
record magmas, alteration solutions, and ore solutions of varying types having 
been withdrawn in various sequences. This suggests an equally complex 
source, for the source conditions must be as complex as their products. 

The accompanying diagrams illustrate the sequence of events visualized 
by the writer. 
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Initially a portion of the base of the crust is subjected to high thermal 
energy * coupled by the migration of sial and metalliferous segregations from 
within the sub-crustal zone to this area (Figs. 1,2). The segregations may 
be in a non-crystalline state. This results in a zone of magmation near the 
base of the crust (Fig. 3), which is a complex consisting of silicate melts, fluids 
concentrated in the elements of ore deposits, and rocks undergoing various 
types of metamorphism. It is the movement of material from this zone into 
the upper portions of the crust that results in the history of thermal activity 
observable in the rocks today. 

The thermal effects in the upper crust may be of two extreme types: the 
one is characterized by abundant volcanism and small shallow intrusions as 
stocks, sills, and dikes of undoubted magmatic origin; the other is charac- 
terized by intensive regional metamorphism and rheomorphism. All grada- 
tions between the two types exist. The ore deposits of the southwest are asso- 
ciated, however, with regions where volcanism and intrusions of the shallow 
sub-volcanic association are prevalent. Erosion has not been deep enough 
to expose widely the zone of regional metamorphism connected with the Ter- 
tiary thermal cycle. 

Magmas may be generated in two areas: 1) in the zone of regional meta- 
morphism, and 2) in the zone of magmation (Fig. 3). Those from the zone 
of regional metamorphism may be largely crystalline and move essentially as 
solid aggregates, in which case they are technically not magmas (silicate 
melts). This movement has been discussed by Ramberg (15, p. 259). The 
magmas from the zone of regional metamorphism may not be connected by 
channels with the zone of magmation. Unless they are, there can be no ore 
deposits associated with them, for they will remain separated from the metallic 
concentrations in the zone of magmation. 

Magmas from the zone of magmation may be due to: 1) palingenesis of 
the lower portions of the crust and sub-crust; 2) sial segregations from the 
sub-crust accumulated in the zone of magmation. Magmas from this zone 
will be largely liquid. They are the source for the volcanism and shallow sub- 
volcanic intrusions of the upper crust. These magmas may form differenti- 
ation chambers in the upper portions of the crust, which will ultimately crystal- 
lize to stocks of complex composition. Needless to say, this is not the only 
way in which complex intrusives of the sub-voleanic association may originate. 

Magmas, alteration solutions, and ore solutions are regarded as separate 
products of the zone of magmation. In some cases, however, the host rock 
alteration was accomplished by the ore solution, and a separate alteration solu- 
tion was not active. Metallic mineralization occurs when metalliferous solu- 
tions of the magmation zone, derived from the metalliferous segregations of 
the sub-crust, ascend to the uppermost parts of the crust along the channels 

38 That orogeny, metamorphism, and magmatism are all closely related is apparent. That 
they are also highly varied is evident when they are compared in, for example, the geosynclinal, 
voleanic plateau, and Cordilleran basin-and-range settings. The writer leans toward the view 
that neither orogeny, metamorphism, nor magmatism is the cause (except locally) of the other, 
but all owe their origin to re-adjustments of matter and re-distribution of energy in the sub- 


crust. The driving force is generally considered to be an increase in thermal energy, whose 
source and method of concentration is one of the outstanding problems of modern petrogenesis. 
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utilized and created by the pre-ore volcanic magmas. As Schmitt (12, p. 58) 
states: “It seems likely that the primary factor in the localization and associ- 
ation of ‘stocks,’ contact pyrometasomatism and ores, is a deep-cutting break 
of one sort or another in the earth’s crust, that the pyrometasomatic deposits 
are not derived from the ‘stocks’ but that their association is the result of 
localization along mutual outlets to the earth’s surface.” The metallogenic 
paragenesis will depend on: 1) the number and composition of the source 
concentrations contributing metals; 2) the order in which the concentrations 
ascend to the ore traps. 

It is possible that the metalliferous concentrations may become incorporated 
in the rising magmas and reach one of the differentiation chambers in the 
upper portion of the crust. If ore deposits are to result, it is believed neces- 
sary that the metals remain in a concentrated phase and not disperse in the 
magma. Should they disperse, the problem is faced of re-concentrating them 
in sufficient volume and concentration. It also follows that the metals must 
remain, at least in part, separate and concentrated in the zone of magmation. 

Topographic elevation will result from the crustal thickening due to struc- 
tural repetition and/or the addition of sial to the base of the crust. This 
further results in erosion removing much of the overlying rock (particularly 
the effusives of the igneous stage) and exposes the shallow intrusives and the 
specially associated ore deposits (Fig. 4). 

The ore solutions are not visualized as an end product of magmatic differ- 
entiation in the simplified sense of the residua of an originally homogeneous 
silicate melt. Ore deposits are always younger than the associated intrusives ; 
the only association which can be demonstrated is spatial and not genetic. 
The latter is inferred. The writer believes the relation between the igneous 
rocks of a mining district and the ore solutions is fraternal and not paternal; 
they both have their origin in the zone of magmation at greath depth. The 
reader may consider this zone to be the deep-seated batholith of which the 
exposed stocks are the upward projections and the ore solutions the late dif- 
ferentiate. However, the complex character of the zone of magmation and 
the complex series of its differentiates does not fit the batholith parent to ore 
solutions described in the literature (see, for example, Emmons, 4). Fur- 
ther, this batholith may be exposed by erosion (4), while it is doubtful that 
erosion ever proceeds deep enough to expose the zone of magmation. 


SOME CONSEQUENCES OF THE THEORY 


The size, number, and composition of the ore deposits in an area will de- 
pend in part on the size, number, and composition of the metallic or sial- 
metallic segregations tapped during the magmation cycle. The latter depends 
on the conditions in the earth during the differentiation into the zonal layers. 
That. similar conditions probably existed over large areas may explain the 
existence of metallogenic provinces. If conditions favored segregation of a 
particular metal (with respect to other metals) at some locality in an other- 
wise uniform physico-chemical zone, it probably favored it elsewhere in the 
zone. Presumably this favoritism would be reflected in ore deposits derived 
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from these segregations, resulting in an area of ore deposits containing char- 
acteristic elements—a metallogenic province. 

Furthermore, the structural-thermal history of the observable parts of the 
crust presumably reflects conditions in the sub-crust. If, then, the variations 
of the sial and metallic segregations in the sub-crust also reflect variable condi- 
tions in that zone, a close relationship may exist between the structural-thermal 
history of a region and the ore deposits that may be present in it. This may 
explain why copper deposits of the “porphyry” type appear to be confined (in 
North America) to the basin-and-range, whereas copper deposits of the Duck- 
town type appear to be confined to the folded geosynclinal belts. 

The demonstration of a relation between depth of erosion of stocks and the 
number and size of associated ore deposits (2) must be considered in any 
theory of source. This fact is interpreted from the present theory as follows. 

First, it must be noted that many of the largest “intrusives” owe their 
origin to granitization or rheomorphism in the zone of metamorphism. Some 
of the large batholiths of the Appalachian and Sierran geosynclines are ex- 
amples. Batholiths here and elsewhere are generally unfavorable for ore 
deposits. Previously this has been attributed to the depth of erosion—these 
bodies, as a consequence of their large areal exposure, were presumed eroded 
so deeply as to remove the associated ore deposits. In the present theory the 
unfavorability is related to origin—the larger “intrusives” usually are not 
derived from, and may not be connected to, the zone of magmation and are, 
therefore, less favorable. 

Ore deposits spatially associated with an intrusion are generally found near 
the margins rather than within the intrusive. In some instances, areas of 
carbonate rock for example, the country rock may be chemically more favor- 
able. In other instances, the country rock has undergone more deformation 
and will possess better ore solution channelways and ore traps. Ore solutions 
following the channelway of the intrusion will, on nearing the surface, spread 
out into the channelways created by the deformation related to (but not neces- 
sarily caused by) the magma emplacement. They will move along these chan- 
nelways and at favorable locations (ore traps) the metallic content of the solu- 
tions is deposited. 

Magmas arise from the zone of magmation along relatively confined chan- 
nelways. At some point near the surface, the lateral pressure exerted by the 
magma may exceed that exerted by the wall rock and the magma spreads out 
along available channelways or creates new ones, forming a mushroom-shaped 
body which may be laccolithic, stock-like, or chonolithic depending on its con- 
tact relations. 

The tertiary ore deposits of the southwest appear almost universally to 
have been deposited within two to three miles of the surface, and commonly 
within 4 to 14 miles of the surface. Reasons for precipitation within this zone 
are numerous, and a complete discussion is beyond the scope of this paper, if 
not beyond present knowledge. It does appear, however, that the bottom of 
the zone of ore precipitation may roughly coincide with that of the zone in 
which open spaces accompanying structural deformation are abundant. Pre- 
sumably a magma may exert sufficient pressure that it may undergo lateral 
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expansion before the zone of ready formation of open fractures is reached. 
Its relation to the zone of ore precipitation is sketched in Figure 5. 

Figure 5 also illustrates the relations between ore exposure of intrusion, 
and depth of erosion. At A-A, erosion has not penetrated into the zone of 
most favorable ore precipitation (ore zone). A few dikes may be present. 

At B-B, the top of the ore zone is breached. The only igneous rocks ex- 
posed are in dikes. 

At C-C, the center of the ore zone is exposed, while the igneous rocks 
present are dikes (some of which may be post-stock) and a stock. 

At D-D, the base of the ore zone is reached, and the igneous relations are 
the same as in C-C. 

At E-E, the ore zone has been removed, while the igneous rock relations 
are the same as in C-C. 

At F-F, the igneous rocks exposed are the feeder dikes. The relations 
are the same as in stage A—A. 


EDGEWATER, COLORADO, 
May 20, 1954 
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THE ORIGIN OF THE SILICA OF THE BEDROCK HYPOGENE 
ORE DEPOSITS? 


HARRISON SCHMITT 


ABSTRACT 


The known facts on the distribution of the silica in and associated 
with many ore deposits suggest that only a small proportion of this oxide 
is imported into the ore zone from distances measured in thousands of 
feet or more. Most of it appears to be derived from the desilication of 
alumino-silicate walls and transported for distances often measured in 
inches, and rarely more than hundreds of feet. 

This belief suggests a unique approach to the theory of the character 
of the ore-forming fluids, and further, following Knopf, that the “magma” 
need not be called upon to supply much of the silica and perhaps none at 
all for many ore deposits. 

Speculation on the nature of the ore-making fluids leads to the further 
suggestion that they are similar to volcanic emanations. The original 
environment of the ore body could be a mass of structurally open ground 
of one form or another that is the site of a pool or reservoir of condensate, 
connate, meteoric or sea water. This is activated by the “volcanic ema- 
nations.” The alumino-silicate walls are attacked particularly by hot 
water and carbonic acid and the silicates broken down to form lower silica 
species and other minerals. The excess silica is moved to the more open 
ground. In the form of quartz, chalcedony, etc., it is progressively frac- 
tured and forms the channel and locus of deposition for most of the 
sulphides. 

The most active agents and/or elements in the genesis of ore deposits 
are those among the most active and conspicuous in vulcanism and the 
solar system. Particularly these are H, O, C and S and Cl usually en- 
countered as H2O, COs, HsS and simple chlorine compounds. 


THE principal theme in chapter seven of W. I. B. Beveridge’s recent book, 
“The Art of Scientific Investigation,” is that sound new ideas do not neces- 
sarily spring from logic, which when used to arrive at a conclusion may be 
based on principles which are themselves suspect. Dogma feeds on dogma. 
He (3, p. 86) ? quotes Theobold Smith as follows: “Research is fundamentally 
a state of mind involving continual reexamination of doctrines and axioms 
upon which current thought and action are based. It is, therefore, critical 
of existing practices.” 

Much of the theory of ore deposits is based on deductive reasoning from 
unproved principles, indeed, the inherent nature of the science leads to 
dogma and excessive respect for authority. S. James Shand in “Eruptive 
Rocks” (25, p. 191) when discussing authoritative comment on ore deposit 
theories says: “It is interesting to note the choice of verbs in these state- 
ments : it is held; it is conceded ; would agree ; universally accepted.” Rightly 


1 Presented before the Society of Economic Geologists, Toronto, Ont. Nov. 9, 1953. 
2 Numbers in parentheses refer to References at end of paper. 
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or wrongly, one gets the impression that each of these writers was expressing 
the fashionable view rather than a deep personal conviction.” 

Therefore, should we not be more humble, and admit we do not know, 
even, perhaps, at the cost of starting anew? Incidentally, a disturbing recent 
trend, based on our unwarranted confidence, is the use of the commonly 
accepted framework of theory as a foundation for geophysical and geochemical 
deductions; these in a climate of largely laboratory experimentation and of 
little field observation. 

The silica problem may almost be said to be the problem of ore deposits. 
For this reason, in so short a paper, it will be difficult to guard against 
violation of the rule of unity. 

The term vein usually brings up an image of a quartz vein; che type that 


TABLE I. 
PAIRED ANALYSES. 


Unaltered versus altered rocks of certain ore deposits. 
























































Ground Hog Mine, Open Pit, Castle Dome, | Lavender Pit, | Open Pit, 
Vanadium, N. M Bingham, Utah Miami, Ariz. Bisbee, Ariz. | Ajo, Ariz. 
——_——_— — ——S — a ees — 
1 2 3 4 5 | 6 — 8 So 10 
SiOz 64.63 42.53 68.16 66.09 70.14 70.55 76.81 | 56.1-65.7| 66.23] 65.57 
Al2Os3 15.68 14.75 15.23 15.29 13.90 13.54 10.96 15.71} 15.42 
Fe:0; 2.75 7.98 1.29 3.30 1.92 .84 1.18 2.20 1.05 
FeO 1.96 3.24 1.99 .99 .08 1.98 2.04 
MgO 1.00 .09 2.30 4.15 .65 58 14 1.58] 1.66 
CaO 4.16 14.18 .62 .89 1.86 .27 .00 3.78 .39 
Na:O 2.10 1.18 1.24 1.99 2.65 67 .26 3.89] 3.33 
K:O 2.73 1.14 8.67 4.65 4.52 5.03 8.50 3.22} 5.01 
H:0- -60 40 14 95 48 .03 .79 
H:,0O+* 1.51 3.67 1.78 2.30 1.13 2.13 1.17 .67 1.06 
TiOs 31 .30 -66 71 58 |. .50 13 A7 .36 
P20s .20 19 21 11 ar .24 .23 
MnO 1,25 1.13 m ) 01 .08 .03 
FeSz 4.41 .03 3.56 .00 20 
ZrOz .00 .00 
BaO 12 .07 05 
CO: 98 1.52 00 41 
F 
Total | 99.98 99.14 99.95 99.37 99.84 | 99.73 | 99.71 100.08 | 99.72 

1. Granodiorite (birdseye) porphyry; analyses hy Lawson Entwistle. 

2. Granodiorite (birdseye) porphyry; strongly altered to epidote and pyrite; analyses by Law- 
son Entwistle; includes ZnS 1.76, PbS 0.17, CuFeS: 0.43. Bulk SG may have increased 
depending on porosity. 

3. Most unaltered granite obtainable (29, p. 956, analysis 1). SG 2.61. 

4. Average of 3 analyses of altered granite (29, p. 977, analyses 2, 3 and 5). SG +2.65. 

5. Average of 2 analyses of fresh quartz monzonite (14, p. 85, analyses land 2). Bulk SG2.65. 

6. Average of 3 analyses of altered quartz monzonite (14, p. 85, analyses 3, 4 and 5). Bulk 


SG 2.45. 

7. Granite porphyry (sill near Bisbee) (16, p. 77, analysis III). SG +2.6?. 

8. Silica content of ore in Lavender pit, 7 analyses, 13.9-20.2% sulphide, SG +2.8?. These 
latter data were kindly provided by Phelps Dodge Corp. 

9. Porphyritic hornblende quartz monzonite (8, p. 30, analysis 4). Bulk SG 2.65?. 

10. Porphyritic quartz monzonite from center of pit (8, p. 30, analysis 7). Includes CuFeS: 
1.00, CuFeS, 0.70, LiO .05. Bulk SG 2.65. 
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TABLE I.—Continued. 




















fo a eo Ray Dist., Ray, Ariz. Ely, Nevada Tyrone, N. Mex. 
11 12 ist 6400 eh wet oe 18 19 20 

SiOz 66.84 65.31 65.58 72.87 72.79 59.46 64.73 | 70.18 66.64 68.11 
Al2O3 17.46 19.38 16.47 | 12.89] 13.83 |] 17.52] 14.41] 14.47 | 15.57 | 16.84 
Fe20; 4.88 2.01 4.19 2.40 89 3.46 1.54 1.91 .80 
FeO 74 1.13 2.25 1.76 1.30 2.68 1.78 1.94 3.53 
MgO 1.14 1.28 1.29 .82 1.04 1.73 .76 88 1.41 .50 
CaO .37 34 1.29 1.90 .23 6.03 44 1.99 3.50 44 
NazO 53 42 1.42 3.01 40 3.05 .70 3.48 3.41 44 
K:0 4.65 5.35 4.58 3.03 4.21 4.01 7.84 4.11 3.42 4.08 
H.0- 17 .22 .22 .26 38 53 82 \ 84 \ 1.15 
H2O* 2.61 2.94 2.27 .24 2.07 55 1.94 ‘ 7 
TiOz .67 .61 .83 .66 42 Bf | .57 39 .50 
P20s5 .03 .08 .06 13 11 .27 .10 19 19 
MnO .02 01 .06 .07 .02 .19 12 .06 
FeS2 .89 2.11 .13 
ZrO2 .02 
BaO .08 .04 
CO2 .04 
F .04 .09 

Total | 100.11 | 100.44 | 100.51 | 100.44 | 100.31 | 100.40 | 100.25 | 99.97 97.98 94.74 
































11. Pinal schist (15, p. 159, analysis 2). No SG given. 

12. Average of 2 analyses of protore (15, p. 159, analyses 8 and 9). No SG given. Includes 
CuS 0.47. 

13. Pinal schist (15, p. 159, analysis 1). No SG given. 

14. Pinal schist, probably meta-rhyolite (15, p. 159, analysis 3). No SG given. 

15. Average of 3 analyses of protore (15, p. 159, analyses 5, 6a and 7b). NoSGgiven. Includes 
CuS 0.61. 

16. Weary flat monzonite (28, p. 39, analyses 1 and 2). SG 2.17 (bulk ?). 

17. Sample of ore (28, p. 110, analysis 153). SG 2.52 (bulk ?). See ibid., p. 57 for comparison 
of gains and losses of four ores. Includes Fe 2.89, Cu 1.96, S 2.83, SOs 0.22. 

18. Daly's average granite (5, p. 9, analysis 4). 

19. Daly’s average quartz monzonite (5, p. 15, analysis 44). 

20. Analysis of specimen from replacement vein. Computed: quartz 45.30, sericite 46.09, pyrite 
6.68 (13, p. 27). Includes S 3.15. 


most commonly carries ore minerals. In a general sense this implies a 
conduit filled with foreign matter that has come from a distant source, and 
that the fissure continues almost indefinitely downward. Indeed, these were 
the primitive conclusions. The idea has been accepted, albeit, not very 
critically, down to the present day. It appears to be one of those principles. 

Adolph Knopf (9, p. 41-45) showed that the ankeritization of the walls 
of the veins of the Mother Lode in California resulted in a loss of silica far 
greater than needed for the gain of quartz in the adjacent veins. He con- 
cluded that the alteration supplied this quartz. These data have often been 
commented on, but the implications neglected. 

That the silica closely associated with the ore mineralization of many ore 
deposits from the hypothermal to the epithermal or xenothermal classes on 
which there are quantitative data is seldom more than is lost by the associated 
wall alteration, is supported by much available evidence. But we shall have 
to exclude those deposits in pure limestone where visual inspection shows a 
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concentration of exotic silica the source of which may be less obvious, 
although in some cases altered alumino-silicate rocks are known to occur in 
the basement. 

Lindgren gives data (11, p. 535-542, 549-562, 648) that indicate a loss 
of silica in the walls and a gain in the veins. Schwartz’s general paper (24) 
on alteration suggests no gain or loss of silica during general wall rock 
alteration. 

Studies of the “porphyry” copper deposits by various authors since 1904 
at Bingham, Utah (29), Ely, Nevada (28), Miami (15), Ray (15), Castle 
Dome (14), Ajo (8) and Bisbee (16), Arizona, provide data that are re- 
markably consistent in suggesting no gain in silica upon alteration (see 
paired analyses, Table I). This is surprising, particularly when one con- 
siders the variation in the types of alteration of some of the “porphyry” 
deposits and the fact that the sampling was done with different objectives in 
mind. Then, too, in only a few cases were bulk specific gravity determina- 
tions made. The lack of such determinations has not, however, increased 
doubt because the density of the ore in all cases except Bisbee appears to 
be about the same or less than the original rock. Except at Bisbee, this 
is because little if any iron has been added to the ore, indeed, in several cases 
it appears to have been subtracted and, further, because the porosity gen- 
erally is greater than the solid, primary unaltered rock. 

During the discussion of his paper on Climax, Colorado, at El Paso, 
October 1953, Fred Howell stated that he thought most of the elements 
except the valuable metals but including silica were merely rearranged by 
the alteration. Kenyon Richard in a personal communication in 1953 stated 
that he believed there was no gain or loss of silica at Silver Bell, Arizona. 
At Climax, Colorado, Santa Rita, New Mexico and Majdanpek, Serbia, the 
juxtaposition of major blocks of hypogene argillic and other alteration to 
smaller, mostly interior, plugs and/or lenses of high quartz rock is sug- 
gestive and resembles the particular relationships along veins. 

Spencer (28, p. 58) states in his detailed analysis of the metamorphism 
and alteration at Ely, “In general, then, the metasomatic alteration of the 
porphyries involved no important loss or gain in silica.” 

Gilluly (8, p. 82) in discussing similar problems at Ajo, Arizona, says, 


“From this table (Table 7) it can be seen that, aside from a slight increase in 
silica the only considerable changes in the primary rock-forming constituent 
brought about during the alteration of the quartz monzonite to a copper ore were 
a considerable loss in lime and a gain in potassa and probably in alumina.” 


No bulk specific gravity is given for the fresh rock. In “porphyry” coppers 
this is normally higher than the ore and if so at Ajo could reduce or erase the 
slight gain in silica. 

Paige (13) when discussing the alteration at Tyrone, New Mexico, states 


(p. 27-28), 


“No analyses of the rocks of this district have been made. This course was 
decided upon after careful consideration of the results in other places where al- 
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most precisely similar associations or rocks and metamorphic processes prevail. 
It has been shown that in such districts potash has been introduced while soda, 
lime and magnesia and alumina were removed; also that sulphur has been intro- 
duced while the proportion of quartz apparently remained about stationary.” 


Later (p. 28) he adds, 


“c 


. . as the intensity fractured zones contain great quantities of visible vein 
quartz and afford evidence that the walls or numberless veins were replaced by 
quartz it does not seem possible to believe (writer’s ital.) that the silica present 
in the original rock at any particular level was sufficient to account for the 
GUNTIE. .- 6 3, 


Paige, nevertheless, points out the considerable loss of silica implied by 
the widespread sericitization. On page 27 he gives an analysis (Table 1, No. 
20) of a quartz sericite vein. This analysis does not differ significantly from 
that of an average granite (Table 1, No. 18) or an average quartz monzonite 
(Table I No. 19. Both occur and have been altered in the ore zone) except 
that lime, magnesia, and soda have been lost. Note that in this case not 
even potassa appears to have been added! He mentions (p. 37) that kaolin 
(or hallosite) commonly occurs even below the zone of chalcocite enrichment. 
This means desilication, and possibly argillization will be found to be ex- 
tensive, as has been the case at other “porphyry” deposits. 

The limited data available that permit a comparison of the enriched ore 
or supergene zones with protore or hypogene zones suggest that little or no 
important change in the proportion and quantity of the oxides has taken 
place. The data given by Ransome (15, p. 159) on Ray and Miami, Arizona, 
indicate that the hypogene altered rock suffered little change from supergene 
processes save an enrichment of copper. 

The abundant pertinent data on veins will not be summarized here, but in 
addition to those on the Mother Lode of California there are many that bear 
significantly on the problem. The walls of quartz veins may be strongly 
carbonatized. Examples (Schwartz, 24) occur at Ophir, California ; Tonapah, 
Nevada; Cripple Creek, Colorado; Breckenridge, Colorado; and Oatman, 
Arizona. As is well known, walls in addition are commonly thoroughly 
chloritized and epidotized, and these processes mean loss of silica. The 
process of sericitization does also, but sericite is generally associated with 
the gain in free quartz in the same fabric. 

Unpublished studies by Schmitt and chemical analyses by Lawson Ent- 
wistle (Table I, analyses 1 and 2) of samples of walls and veins of the 
Ground Hog mine, New Mexico, indicate that the chloritization, epidotiza- 
tion, and carbonatization of the granodiorite porphyry walls resulted in a 
loss of silica amounting up to 25 percent. The gangue of the vein is princi- 
pally quartz. There is only minor quartz or silicates, however, in the ore 
in the lower levels of the mine where the walls are largely limestone and a 
smaller volume of granodiorite dikes. 

Some of the minerals commonly found as metasomes in wall rock altera- 
tion and their average silica content are listed below. 
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Mineral SiOz: % Ref. Mineral SiO: % Ref. 
Bauxite (supergene only ?) 00.0 Magnetite 00.0 
Biotite group +37.1 2 Montmorillonite 49.40 17 
Carbonate group 00.0 Pyrite ‘ 00.0 
Chlorite group +28.5 2 Pyroxene group + $1.5 2 
Epidote group +37.8 2 Quartz 100.0 hn 
Garnet group +36.4 2 Sericite a+ 45.4 2 
Kaolinite 46.35 2 Tourmaline group + 36.7 2 


The silica content according to Daly (5) of the average basalt is 49.06%, 
monzonite 56.1%, diorite 56.12%, andesite 59.59%, granite 70.18%, and 
rhyolite 72.77%. ‘ 

Thus most of the minerals that normally occur as metasomes of the 
common igneous rock walls, chlorite, epidote, carbonate, sericite, biotite and 
clay have a lower silica content than the common igneous rocks, even lower 
than the basalts. There can be a gain in silica only if quartz is introduced 
or if low silica palasomes are replaced by high silica metasomes or if there 
is a diminution of volume or an increase in porosity. 

The most prominent minerals that normally replace limestone walls, 
jasperoid, and garnet and pyroxene, of course, indicate a local gain in silica 
in proportion as the walls are pure limestone or dolomite. In the writer’s 
experience epidote uncommonly replaces pure limestone. The work of 
Allen and Day (1) and Fenner (6) at Yellowstone Park indicates that there 
the free silica in the veins is derived from wall rock alteration processes. 

In the case of the contact pyrometasomatic or tactite zones of silicates, the 
common lack of detailed studies of the sedimentary rock column with ac- 
companying rock analyses, and lack of large-scale detailed mapping of the 
ore zone, with analyses of the rocks before and after metasomatism, leads to 
an exaggerated view of the amount of limestone present, and, therefore, the 
volume of ground that gains silica through garnetization and other silication. 
At the same time the magnitude of the silica lost by the epidotization and 
chloritization of the local aluminous rocks, including the “central” intrusive 
itself, is overlooked. Further, the porcellanite beds just outside of the tactite 
zone are commonly called silicified limestone beds when actually they are 
only baked shale or shaly limestone beds. No silica is gained by these. 
They are metamorphic products only. This all adds up to perhaps in some 
cases as much as a 100 percent error in estimating the amount of silica 
gained from other than a local source. 

The quantitative data given by Schmitt (19) on the tactite zone at 
Hanover, New Mexico, indicate that the aluminous rocks have lost sub- 
stantial amounts of silica and the carbonate rocks have gained silica. Al- 
though the net gain of silica in the zone was estimated to be 165 percent, this 
was exceeded by the gain in iron. Since large blocks of adjacent intrusive 
are chloritized and epidotized and a thick shale is known in depth, the writer 
feels that there is a basis for the belief that all the silica may be of local 
derivation and that only iron, zinc, and sulphur were imported in quantity 
into the zone. Other contact-pyrometasomatic deposits have associated rocks 
that have lost silica through alteration. This aspect of the problem would 
seem to deserve further investigation. 
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So far, the writer has refrained from inferring too strongly that the silica 
present as visible secondary quartz and in new silicates represents silica lost 
locally through the metasomatic or alteration processes. But the inference 
is nearly conclusive in the case of the “porphyry” coppers, since in the rock 
fabric the distance between blocks that have lost silica and those that have 
gained it is often measured in feet or in inches only. Further, the mineralized 
porphry blocks are more or less homogeneous and equidimensional. The 
quantitative work on the Hanover, New Mexico, tactite zone suggests a 
similar picture of a block entity except that the change in the distribution of 
silica was done at higher temperatures or at least in a limy environment and 
silica was stable only in new silicates. 

In the case of veins, a genetic relationship between the loss of silica in the 
walls and gain in the main channels seems probable, particularly in the light 
of the quantitative work of Knopf (9), Lovering (10) and Sales and Meyer 
(18). At this time only an outline of the apparently important aspects of 
the problem can be considered. These include: (1) the structure of the 
average vein, (2) the nature of the alteration, (3) the paragenesis of the 
minerals, and (4) the character of the fluid agents and their source and their 
role in the local distribution and redistribution of the elements. 

(1) The intimate structure of the average vein, perhaps excluding the 
especially deep-seated ones, appears to be essentially as follows: It is gen- 
erally marked by a central fault or channel, which in the beginning at least, 
is defined by a gouge that is not absolutely impermeable. Immediately ad- 
jacent to this is a permeable breccia commonly limited outwardly by slips. 
The walls adjacent to these are broken in a decreasing degree outward. Sub- 
surface experience with unmineralized faults indicates that the ground water 
encountered flows freely through the breccia, less freely through the broken 
walls, and that the gouge is saturated with moisture. Fault zones may act 
as dams to fluids moving transversely, but as conduits par excellence parallel 
to their extension, unless and until the walls and breccia are reduced by 
alteration to soft minerals and/or are choked by deposition. 

Macroscopic and microscopic evidence indicates that most vein faults are 
reopened many times during mineralization. The gouge is hardened by the 
action of the circulating hot fluids and finally, along with much or all of the 
breccia, is replaced by quartz. As mineralization progresses the walls be- 
come more impervious and the central zone more pervious as the development 
of brittle quartz, along with re-faulting, results in a more and more con- 
centrated and open channel. Before the deposition of the sulphides, then, the 
main channel is a quartz breccia and this channel is commonly efficient as a 
conduit even after most sulphide deposition has taken place, for the sulphides 
in turn are commonly brecciated. This is taught by experience with wet 
mines. 

(2) The basic type of alteration is characterized chiefly by the development 
of chlorite, epidote, carbonates and clay. These minerals, of course, tend to 
localize in the walls, i.e., the less strongly broken ground. The more acid 
type of alteration, generally characterized by the development of sericite and 
quartz, but commonly also by carbonates, tends to localize in the more open 
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ground adjacent to, and including the main channel. Open spaces are fav- 
ored by quartz deposition, but carbonates are not uncommon there. Inci- 
dentally, the above distribution is also illustrated in the finer fabric of some 
of the “porphyry” coppers. Silica is lost from the interior of the breccia 
fragments and quartz is deposited in the boundary cracks and interstices. 
This must be inferred from the paired analyses, since a given quartz veinlet 
obviously represents a local gain in silica. 

(3) Paragenetic studies show consistency in the sequence of deposition of 
the vein minerals. As a rule most of the quartz and silicates precede the 
sulphides at least at a given spot. The sulphides fill cracks in the quartz and 
silicates and commonly replace them. The work of Sales and Meyer indi- 
cates that a given stage in the paragenesis is reached at different times at 
different places. It also strongly suggests that the quartz of the vein is 
deposited as the wall is altered and loses silica. If this is the case the sulphides 
seem to represent a stage clearly later than the general wave-like process of 
alteration. Many writers have remarked that the wall alteration appears to 
be earlier than the sulphide deposition. Even so, this belief perhaps needs 
more study and verification. Sulphides generally cut and/or replace such 
minerals as epidote, chlorite and even garnet and other silicates in tactite 
zones. 

(4) The possible nature of the mineralizing fluids is of perennial interest 
to many. Some progress is being made. When red rocks are mineralized 
in the vicinity of sulphide ores they are generally bleached. At times this 
reaction is sufficient to completely oxidize the incoming sulphur. Copper 
is then commonly deposited in the native state; the sulphur gives rise to 
the sulphate anion. 

The fluids that commonly alter the walls, and those that later give rise 
to the sulphides, seem to be reducing ones. The exceptions include the early 
stages in pyrometasomatic deposition when ferric silicates are deposited, and 
the near surface oxidizing conditions at hot springs where H.S is present. 

Regarding the hydrogen ion concentration: The fluids whatever their 
original nature must soon become alkaline or more alkaline when they en- 
counter and break down the silicates of igneous rocks. The common presence 
of carbon dioxide and water in vacuoles in the minerals and the formation 
of carbonates suggests that H,CO, has been present and has had its usual 
destructive effect on silicates and quartz. Large amounts of sodium and 
potash are, of course, liberated and transported. Shand (25, p. 193) thinks 
that the environment of a consolidating igneous magma must be alkaline 
because of the predominance of these strong bases. Graton (7) thinks that 
the fluids are alkaline when they leave the “magma.” Hot spring and 


fumarolic studies show, nevertheless, that near surface, apparently largely 
unmodified volcanic emanations are acid. These are often observed as 
fumeroles and vapors from freezing lava. The oxidation by the atmosphere 
of alkaline hot spring waters carrying H.S results in shallow acid waters. 
Thus, it would seem that the introduction of an excess of oxygen, whatever 
its source, into fluids carrying hydrogen sulphide often results in an acid and/ 
or oxidizing condition. There is some justification perhaps for believing 
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that ore fluids if oxidized become acid. The volcanic emanations may be acid 
because of the excess of oxygen available at high temperature from carbon 
dioxide and water gas. The presence of the strong acids, chlorine and 
fluorine, in one form or another further decreases the pH. The brines in 
the vacuoles in sulphides tested by Newhouse (12) were neutral. 

Presumably the fluids must be in a fairly dense form or the wholesale 
transfer of ions is not likely to occur during the alteration process. This 
may be a density induced by pressure at great depths (Smith, 27). Or at 
shallow depths it may be a “true liquid.” The work of Newhouse (12, p. 
419-436) appears to give a clue as to the chemical and physical nature of the 
fluids, although doubt may be felt as to hypogene nature of the alkali brines 
found in the vacuoles because of the common occurrence of similar brines in 
many deep rocks. But, as will be noted later, these brines are to be expected 
in ore fluids on the basis of a hypothesis to be proposed. 

If we can assume that the silica of the veins is indeed largely of local 
origin we are free from certain limitations on the nature of the fluids, at 
least those entering the zone of deposition from the unknown ultimate source. 

When summarized and generalized the data on paragenesis and mineralogy 
of the wall rock alteration suggest that the early fluids, at least, generally 
contain water and carbon dioxide, and, since they are commonly reducing in 
nature and contain sulphur—for local iron is often converted to pyrite— 
they may also contain hydrogen sulphide. As the reaction proceeds the 
fluid if not previously alkaline soon becomes so because it becomes charged 
with K and Na as well as SiO,. These elements in whatever their chemical 
form and ionic balance advance toward the open channel and some CO,, 
H,O and H,S is used up. The early wall rock fluid agent is definitely silica 
seeking. But, by the time it reaches the vein it is silica depositing. This 
in itself separates it in time from the fluid of the main channel of sulphide time 
for this fluid is silica dissolving and, of course, sulphide precipitating. If the 
inferences of Newhouse’s work are to be accepted, this latter fluid is a strong, 
neutral calcium and sodium chloride brine with not much else in it, at least 
after the metals are deposited. Any free CO, may have been used up by 
reaction with the walls of the vacuole. Ample time is available for this. It 
has been reported that H,S occurs in the vacuoles of certain sulphides. 

It seems fair to call upon ionic transfer for much of the redistribution of 
material in the vicinity of the main channel, but presumably for egress of 
primary fluids and exit of the modified or spent fluids we are forced to call 
on convection if the fluid is sparse in metals a great volume of it must pass 
through the zone. But if it should be gaseous on egress to a “pond” of 
liquid, little or no exit of dense watery material could suffice. This could be 
composed largely of saturated steam. The soda lost from the walls with 
some lime could combine with free chlorine and stay in a stagnant “pond” or 
in part be deposited high in the vein in zeolites, as at Yellowstone Park. 

The mode of circulation of the convective part of the fluids should be 
considered. Since fissures tend to tighten up with depth the conduit may 
well be restricted in depth. Higher, the fluids can soak and deeply pene- 
trate the walls as shown by fumarolic-hot spring studies, but with varied 
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velocity, the greatest being in the vicinity of the channel. Toward the last 
the flow may be largely restricted to the broken quartz of the vein. Alter- 
nately the primary fluid could occur as a saturation of the country rock and 
work its way by small cracks into the more open zone along the channel 
and then escape upward after having done its work in a more or less stag- 
nant “pond” of water. That a whole country rock can be saturated by hot 
fluids has been observed around fumaroles and steam wells. 

The above data pro and con almost of themselves point the way for one 
or more hypotheses. First, an hypothesis seems feasible that the wall rock 
alteration is isolated from the distinct sulphide stage and, further, may be 
discussed independently of any belief as to the ultimate origin and path of 
egress of the primary fluids. One might say that essentially a picture is 
presented of a broken block of ground related to and bordering a central 
channel. This becomes saturated with a dense fluid which may be a con- 
densate from the primary fluids or a pocket of connate, sea or meteoric water 
or even, if one insists, a dense hydrous fluid from below. 

In any case, it becomes a gigantic “pot of stew” fed by fresh CO,, super- 
heated H,O and H,S. In general the silica, alkalies and commonly the 
alkaline earths are cooked out of the walls. The silica lodges in the open 
spaces as a scum so-to-speak. The potash is commonly most stable as a 
sheath bordering and/or associated with the quartz. The sodium and calcium 
may in part become tied up with Cl from the primary fluids. There is, of 
course, much variation in the detail of occurrence. Carbonates at times are 
more stable in the veins than in the walls or may occur in both. 

It seems difficult to explain the sudden change in the fluids from silica- 
seeking in the walls to silica-depositing in the more open spaces. Possibly 
one must call on mass action and super-saturation to explain the sudden 
dumping, or one must postulate a diagonal path for the fluids converging 
upward from the walls to the vein rather, than a direct horizontal one from 
wall to vein. The silica and silicate corroding fluids of the sulphide stage 
may be the result of a greater concentration of the raw corrosive primary 
elements in the main channel with little chance of their neutralization by 
fresh silicates. By this time the source of active fluids may have advanced 
or retreated or merely been blocked off from the walls because of previous 
alteration and deposition. The corrosion of the quartz is not difficult to 
understand, but the cause for the deposition of the sulphides from a brine 
solution seems unclear unless it is the result of supersaturation, mass action 
and cooling. Newhouse has shown that hot brines corrode galena. Further 
consideration of this complex problem must be left for a later date. 

It seems as if the above hypothesis may apply to the “porphyry” coppers 
as well as to veins and even with modifications to the pyrometasomatic 
deposits. Here there is generally an early oxidizing and possibly acid stage 
when the heavy silicates are formed by silica at least in part derived from the 
alteration of alumino-silicate rocks and by lime from limestone. The “epi- 
thermal” deposits appear to fit in with this scheme also but here meteoric 
water may be a chief agent (Schmitt, 21, 22, 23). 

The above framework of facts, probabilities and inferences will lend itself 
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to alternate hypotheses, but these must be dealt with at a‘ later time. Many 
objections may be made: (1) There are said to be veins of quartz that 
show no or no appreciable associated wall rock alteration at least for the 
exposed depth of observation. Although the known facts of the transfer 
of silica suggest to this writer that in general the transfer is more restricted 
than has been generally assumed to be the case, nevertheless, it would seem 
that silica in the colloidal form at least should be stable and mobile enough to 
travel as far as a water column extends along an open structure. In near 
surface zones this could be as deep as ground water penetration which in turn 
could be as deep as an open channel can persist. This may be measured by 
thousands of feet. Heat in depth can be absorbed by quenching and as stated 
by Fenner generated steam cannot be expected to push against the water as 
a piston. It can bubble up through it and through cavitation lighten the col- 
umn and partially off-set gravity. 

If an extreme may be assumed, a replacement vein in alumino-silicate rock 
with no alteration of the walls—this may be a purely hypothetical case—the 
amount of silica released by replacement of breccia and gouge by sulphides, 
could amount up to, say, 70 percent of the volume of the vein if all the original 
vein material is replaced. A common case of replacement is a vein of abun- 
dant quartz and carbonate with sulphides. Only the sulphides and CO, need 
to have been added. 

There are cases where quartz and jasperoid with associated ore minerals 
replace limestone. It is the writer’s impression, however, that the amount of 
silica gangue in limestones is conspicuously less as a rule than where the 
walls are primary alumino-siliceous rocks. Commonly alumino-siliceous rocks 
are not far away. In many cases they are the basement rocks. 

(2) The problem of why the sulphides and even the silica precipitate at 
all may be more difficult than is usually assumed in the light of the known low 
rate of heat transfer in rocks. If it is mostly the result of heat transfer to 
the walls how is the heat lost at a sufficiently rapid rate? The alteration proc- 
esses are possibly endothermic? In the “epithermal’ zone meteoric water is 
available for the removal of heat. A process that increases the sulphide ion, 
such as a migration of H,S from the walls to the more open vein may cause 
precipitation of sulphides through mass action. 

The writer has found that upon making as objective an analysis as pos- 
sible of the various types of ore occurrence he usually comes up with a rela- 
tively short list of elements that indubitably are foreign to their environment. 
That is, if the question is asked which elements present could not possibly 
have been derived from the local environment one arrives at the following list: 
C, S, Cl, F, B, As, Sb and the other heavy metals. Even the metals can be 
suspect when the walls contain them. Normally some H and O are imported 
in H,O, CO, and H,S molecules. When the walls contain original car- 
bonate, secondary carbonate minerals are commonly more prominent in ore 
deposits, so under these conditions some or all of the CO, can be derived from 
the local environment. As noted earlier the alkalies and alkaline earths and 
apparently silica can in places be accounted for as having come from nearby 
blocks of alterated alumino-silicate rocks. The final list, then, that represents 
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the normally definitely imported elements is limited to H, O, C, S, Cl, F, B, 
As, Sb and the other heavy metals. 

The first three elements plus nitrogen and helium are prominent in the 
atmospheres of the planets and sun often as the compounds CO,, H.O, NH, 
and CH, (Smart, 26, p. 73-88). Sulphur and chlorine (particularly as 
FeCl,) are found in meteorites as are some of the metals (excepting lead and 
zinc) and many of the other elements. The composition of the average stony 
meteorite represents a peridotite. No granite-like stone is known. It is 
generally believed, of course, that the meteorites represent a disrupted planet 
and that the Earth itself may be compared with a great meteorite. 

When one considers the volcanic and fumarolic emanations and hot springs 
it is found that particularly prominent and reoccurring again and again are 
H, O, C, N, S, Cl, F, B, As and to a minor extent the metals. At the lower 
temperatures the commonest compounds are H,O, CO.,, CH,, NH,, H.S, SO., 
Cl,, F, and AsS. This leads to the strong suggestion and inference that vol- 
canic phenomena basically are cosmic in nature as suggested by Tschermak 
(30). The tie-in between the “volcanic emanations” and ore deposits would 
seem on firm ground even if along the trail of genesis magmation phenomena 
intervene. 

The most prominent and effective agents in wall rock alteration whether in 
alkaline, acid oxidizing or reducing environments appear to be H,O, CO, and 
H,S. These three compounds or elements or compounds derived from them 
through various temperatures and reactions happen to be those most promi- 
nent in the volcanic phenomena. It should be further noted that most rocks 
(Clarke, 4, p. 276-281) when heated give off gases of which CO, and H, 
are generally the most prominent and H.S is common. The H, is from H,O 
originally in the rock that has been decomposed by the heat and by the oxida- 
tion of elements in the rock chiefly ferrous iron (4, p. 281). 

The iron so common to most ore deposits (excepting the “epithermal” 
type) can perhaps be best explained as derived from earth iron in the form of 
FeCl,. A discussion of the difficult problem of the transfer of the metals 
must be postponed. 


CONCLUSIONS AND INFERENCES 


1. The silica represented by the quartz and silicates of many if not most 
ore deposits as varied as “porphyry” coppers, “epithermal” and deeper-seated 
veins and pyrometasomatic deposits logically can be said to have been derived 
from the alteration of the adjacent walls. 

2. The data point directly to the egress of H,O, CO., at times boron and 
indirectly to H,S during the stage of early wall alteration and quartz deposi- 
tion in the open spaces, and to the egress of H,O, H;S, CO,, the metals, 
always Cl, and often F, As, and Sb during the sulphide stage. 

The early wall rock alteration stage witnesses a loss of silica, the alkalies, 
and in places the alkaline earths. Only alumina and a minor amount of silica 
plus commonly some iron, carbon dioxide, sulphur and water appear to be 
relatively stable in the walls. The vein gains silica or carbonates, and potash, 
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commonly in sericite rarely in adularia, accumulates as-a selvage or sheath 
bordering the quartz masses. The soda is largely carried off, but a minor 
amount remains with chlorine as brine with some CaCl, in vacuoles in the 
quartz and sulphides. Should the reaction in the walls go to an unlikely 
conclusion it would seem that the end product should be a low silica clay of 
the kaolin group which contain no alkaline earths or iron as are found in the 
montmorillonite group. The writer knows of no case, however, where the 
alteration has progressed to minerals of the bauxite group which contain no 
silica at all. 

The sulphide stage occurs after the deposition of most of the quartz (and 
carbonate ?) of the main channel and generally after.these minerals have been 
broken by renewed faulting. This is commonly a stage of quartz (and car- 
bonate?) instability when the quartz (and carbonate ?) may be etched and 
replaced. The fluid agent may be largely a strong brine with minor H,S and 
CO,. The brine could be derived from the soda and lime lost from the walls 
and the chlorine from the primary fluids. 

3. The common setting may be described as one of a “pot of stew” continu- 
ally heated, seasoned and replenished by the normal “volcanic emanations” 
accompanied by the metals. A “scum” of quartz and sericite fills the more 
open country. Such an environment can be visualized for the “average” veins 
including “epithermal” veins, the “porphyry” coppers, and with modification 
for the pyrometasomatic deposits. 

4. The amount of watery fluid entering the zone of activity may be much 
smaller than usually visualized. A pocket or “pond” of dense fluid may occur 
in a block of open structure. This may be a condensate, connate, sea or me- 
teoric water trapped in and along the structure. The critical and identified 
agents enter the field, are modified, perhaps spent, and possibly only saturated 
steam with H,S and CO, is boiled off. No feeding column or exit column 
of dense fluid or liquid need be postulated. This is essentially the environ- 
ment inferred (Allen and Day, 1 and Fenner, 6) from the facts at Yellow- 
stone Park and now said by White (31, 32) to exist at the metal depositing 
fumaroles and springs at Steamboat Springs, Nevada. 

5. In earlier papers Schmitt (20, 21, 22, 23) suggested that the chief 
agents active in wall rock alteration and ore deposition in the pyrometasomatic 
tactite zones, the “epithermal” deposits and the “porphyry” coppers were simi- 
lar to the volcanic emanations, and indeed are identical. The present analysis 
suggests a similar environment for the average vein. These emanations are 
characterized chiefly by superheated steam, CO,, HS, Cl., F,, CH,, NH, and 
the metals. These compounds largely disassociate in part or wholly at high 
temperatures to the simple elements: H, O, C, N, S, Cl and F and the metals. 
The first six elements are prominent in the universe and meteorites and are 
prominent elements of the Earth. FeCl, is common in meteorites and there- 
fore probably in the Earth and may account for the abundant iron of many ore 
deposits. 


Sitver City, New Mexico, 
June 10, 1954 
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ABSTRACT 


In 1952, St. Joseph Lead Company drilled a well on the apex of Hicks 
Dome in Hardin County, Illinois, primarily to explore for oil or gas, and 
with the objective of testing the St. Peter sand horizon, which had not 
been reached in a previous well on the flank of the dome. A normal se- 
quence of formations was encountered down to 1,600 feet, but at about that 
depth the drill entered a confused brecciated zone, which persisted to the 
bottom of the hole at 2,944 feet. This is interpreted as one of the explo- 
sion type breccias, or diatremes, common in this Illinois-Kentucky area, as 
well as in nearby Missouri. A correlation of formations between this and 
the earlier Fricker well is presented. It is suggested that Hicks Dome is 
an incipient or uncompleted cryptovolcanic structure. 

Because of its location in the southern Illinois fluorspar-lead-zine min- 
ing district, the cuttings were inspected carefully for these minerals. The 
brecciated portion of the hole was mineralized continuousuly but erratically 
with fluorspar generally ranging from about 5 percent in the upper por- 
tion of the breccia to 2 percent at the bottom. This is much deeper than 
previously known in such amounts in the area. Parallel with the fluorspar 
content and similarly diminishing downward is an abnormal radioactivity 
characterized by 0.029 percent eU in the upper part of the breccia zone. 
The possibility is suggested that this could have been picked up from the 
formerly overlying New Albany, or Chattanooga, shale. 


INTRODUCTION 


Tue information given herein has been released through the courtesy of the 
St. Joseph Lead Company in the belief that it is of more than ordinary scien- 
tific interest, even though it seems to have no immediate practical value. 
Henry Hamp, Jr. No. 1 well was begun August 25, 1952, and abandoned 
November 27 the same year at 2,944 feet. It is situated three-fourths of a 


1 Presented before the Society of Economic Geologists, Toronto Meeting, November, 1953. 
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mile northwest of an earlier test known as the Fricker well, which reached a 
depth of 3,207 feet. Lost circulation, due to fractured, cavernous, and brec- 
ciated ground, caused extensive delays in drilling. Many of the common cor- 
rectives used in oil-well practice were applied, the most effective being a com- 
bination of high early cement and calcium chloride. Approximately 30 per- 
cent of the hole had to be re-drilled through this or other cementing material. 

In order to watch the results on the ground, Emery and Meyer were de- 
tached from the Geological Staff of the St. Joseph Lead Company at Bonne 
Terre, Missouri, and spent alternate weeks at the well site from August 25 
to October 27. Thereafter, the cuttings were studied on weekly visits. Cut- 
tings were examined by binocular microscope as drilling progressed ; insoluble 
residues were prepared and studied later. A few sidewall cores obtained at 
the close of drilling were studied in thin section. 


STRATIGRAPHY 


Formations of Pennsylvanian and Mississippian age form concentric bands 
around Devonian limestones in the center of Hicks Dome (Fig. 1). The old- 
est visible formation is the New Albany shale (Mississippian-Devonian). 
Loess and a heavy residual chert clay obscure the contacts of the older forma- 
tions in the center of the dome. 

Following is a comparative section of the Fricker and Henry Hamp, Jr. 
wells, as interpreted by Emery and Meyer: 


Fricker Well Henry Hamp Well 
Formation Depth Thickness Depth Thickness Ratio 

Upper Devonian 

New Albany Shale 83 71 — 

Alto Formation 100 17 — 
Middle Devonian ° 

Lingle Limestone 135 35 — 

Grand Tower Limestone 323 188 _ 

Dutch Creek Limestone 347 24 -— . 

Clear Creek Limestone 816 469 275 275+ 
Lower Devonian 

Backbone Limestone 858 42 300 25 .60 

Bailey Limestone 1482 624 795 495 80 
Silurian 

Moccasin Springs 

Limestone 1607 125 890 95 77 

St. Clair Limestone 1655 48 930 40 .83 

Sexton Creek Limestone 1669 14 942 12 .86 

Edgewood Limestone 1775 106 1000 58 55 
Ordovician 

Maquoketa Shale 2016 241 1225 225 94 

Kimmswick Limestone 2110 94 1287 63 .67 

Decorah-Plattin 

Limestone 2895 785 1815 528 .67 
Joachim Dolomite 3207 312 2057? 242 o80R 
Dutchtown Formation 99+ T.D. ? 


St. Peter Sandstone 
Knox Dolomite (Includes Missouri Section Derby-Doerun up through Jefferson City) 
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Cuttings show the Hamp well to be collared in the Clear Creek formation 
approximately 500 feet stratigraphically below the New Albany shale. It 
bottomed in the Ordovician in what should be Knox dolomite, but because of 
intense brecciation that has confused lithologic units throughout 1100 feet of 
hole, the exact stratigraphic location is unknown. 

The last definite contact was the Decorah-Plattin-Joachim at 1815 feet with 
a tentative Joachim-Dutchtown placed at 2,057 feet. The upper formation 
contacts were readily picked and compared reasonably with the log of the 
Fricker well (1)? although the dolomitic content of pre-Joachim formations 
was less than that described in the Fricker. 

The first traces of St. Peter type sand (2) were encountered at 1,815 feet, 
and sand grains were found in varying quantities to the bottom of the hole. 
A residue study was made from 1,970 to 2,944 feet to find evidence of pre-St. 
Peter sand types. All sand grains studied were of the same nature, i.e., 
rounded, pitted, frosted, and of various sizes. They lacked evidence of sec- 
ondary enlargement or great angularity, which are supposedly indicative of 
pre-St. Peter sediments (3). 

Brecciated zones showed a wide variation in the lithology of included rock 
particles. Pieces resembling Maquoketa shale were found 1,000 feet below 
the base of that formation and adjacent to fragments of unknown source. 
St. Peter type sand was found to cover more than twice its normal range 
(Joachim-Everton). Thin sections of cores showed agglomeration of sand- 
stones, quartzites, limestones, dolomites, and shales. No primary igneous 
particles were positively identified. The question of the origin of this breccia 
is discussed in detail later. 

Two breccia bodies of this type have been noted in the immediate vicinity. 
Both of these structures have been so altered as to obscure greatly their origi- 
nal nature. All the igneous matrix has been replaced by carbonate with the 
exception of rare apatite. 


STRUCTURE 


Hicks Dome (Fig. 1) is a structural and physiographic high covering ap- 
proximately 100 square miles in the western half of Hardin County. Qua- 
quaversal dips, some up to 25°, are noted in some 4,000 feet of sediments from 
the Devonian core to the Pennsylvania flanks. The axis of the dome strikes 
approximately N 50°W. Circular and radial drainage are the physiographic 
manifestations of the dome. 

Formations measured in the Fricker well 34 mile S 70° E of the Hamp are 
consistently about 25 percent thicker than those in the Hamp. The Edgewood 
and Maquoketa deviate from this ratio, but, if taken as one, show the same 
relationship as other formations. As the Fricker well was drilled on the 
flank of this structure and the Hamp essentially in the center, thickening of 
formations is believed to be in the main part only apparent. Section A-A* 
(Fig. 2) shows the relationship between these two wells. 

The Hicks Dome structure apparently is bounded by peripheral synclines, 
the most prominent being seven miles to the northwest. Here Pennsylvanian 


2 Numbers in parentheses refer to References at end of paper. 
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sediments outcrop between exposures of Kinkaid, Degonia, and Clore ( Missis- 
sippian) limestones, sandstones, and shale. Other synclinal structures are 
noted to the northeast and east of Hicks Dome. These structures lie outside 
the bounds of Figure 1. 

Three miles to the southeast of the well site the Wolfrab Mill fault transects 
the dome striking approximately N 50° E. It is a normal fault, being down- 
thrown to the south, and parallels the prominent Peters Creek fault pattern of 
Hardin County. Parallel to this fault, two to three miles to the northwest, 
are the Shelby and the Lee faults. Both are normal faults being down-thrown 
to the south 200 to 400 feet and dip 60° in that direction. The position of 
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Fic. 1. Geologic map of Hicks Dome area (after Illinois Geological Survey). 


these faults is lost under the heavy mantle surrounding the core of Hicks Dome 
but the straight contact between Devonian and Mississippian sediments to the 
north of the well suggests that the faults may have united in this area, al- 
though this would require a reversal of movement (Fig. 2). The divergence 
of the two fault systems in the dome area further suggests that faulting is later 
than the doming. 

A broken system of ring faults surrounds the dome. In several of these 
fluorspar is being, or has been, mined. North of the dome, the Hamp fault is 
down-thrown approximately 300 feet to the north, and the Rose Creek fault 
shows a slight displacement to the south. To the southwest, another ring fault 
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displaced to the south connects the Shelby fault with the Wolfrab Mill fault. 
Several other ring faults have been noted but not mapped due to poor exposure. 

Figure 1 indicates the position and strike of intrusive peridotite dikes. 
These are but a few of many noted in Southern Illinois and Northern Ken- 
tucky. The largest dike in the district is on the Joiner farm, one mile south- 
west of the well, where an incomplete exposure measures 125 feet in width. 
All of these dikes show a preferred orientation in the direction of the axis of 
Hicks Dome, southeast to northwest, suggesting a genetic relationship between 
them. As encountered elsewhere, they antedate the faulting and mineraliza- 
tion of the fluorspar district. 


CLEAR CREEK 


BAiLey 


MAQUOKETA 


De 
CORA, _ thin 
TT, 
N 


2 SOACHing 
\ VTeHToW, 


r) 


—< 
~ BRECCIA 





Fic. 2. Cross section showing correlation of Hamp and Fricker wells. 


CRYPTOVOLCANIC AFFINITIES—-EXPLOSION BRECCIAS 


The preceding description, along with some additional features, strongly 
suggests a kinship between Hicks Dome and a group of well-known but more 
extreme structures widely distributed in the central United States, and even 
better developed in Europe. These are collectively compared in a paper by 
Bucher (4). Among the better examples are Jeptha Knob in north central 
Kentucky, Serpent Mound in southern Ohio, and Wells Creek basin in north 
central Tennessee. These structures are respectively about 2, 4, and 6 miles 
diameter, the peripheries being defined by systems of ring faults, not perfect 
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but considerably more complete than at Hicks Dome. The corresponding 
diameter of Hicks Dome, as indicated by the Hamp fault and other portions 
of the outer ring system, would be 6 or 7 miles. In each case there is a 
raised central core with about one-third the total diameter of the structure, 
which would be represented in Hicks Dome approximately by the circle of 
New Albany shale. In the other structures this core is much broken and 
faulted. Between the central core and the outer system of ring faults in the 
other structures is a depressed area forming in some cases a fairly perfect syn- 
clinal ring. This is represented feebly at Hicks Dome particularly on the 
southwest between the two major faults and inside the outer ring faults. 

Bucher’s explanation of the cryptovolcanic structures, widely, though not 
unanimously, accepted by the geological fraternity, is that they were formed 
by volcanic explosions that bored up centrally through the sediments and 
created waves of disturbance responsible for the concentric synclines and anti- 
clines, all accompanied by violent fracturing and dislocation. This explana- 
tion has found favor from the obvious evidence of violent disruption along a 
central vertical axis with radial diminution of surrounding effects, even in 
spite of the fact that seldom, if ever, is there evidence of igneous activity di- 
rectly within the affected area. The situation at Hicks Dome differs notably 
in that here there is good evidence of igneous action in the form of several 
basic dikes, part of the system of lamprophyric or peridotitic intrusives that 
abound in the Kentucky-Illinois fluorspar field. There is also, within the 
dome area (Fig. 1), one good example of a feature that has been mapped by 
the Illinois Survey (5) as an explosion breccia. Another occurs just off its 
eastern margin (Fig. 1) and several others a few miles to the south around 
Rosiclare. Some of these breccias contain granitic fragments easily ascribable 
to a source in the Precambrian basement. Possible basic igneous fragments 
are too much altered for positive identification. 

Definite explosion breccias, also called diatremes, occur abundantly in 
southeastern Missouri, about 100 miles west of the area in question, where 
approximately 50 of them are described by Kidwell (6); also previously by 
Rust (7). Two-thirds of these contain definite basic igneous material, but 
some do not. Within the same area are many basic igneous dikes similar to 
those of southern Illinois and Kentucky. 

In the opinion of at least one of the present authors (Brown) there are 
excellent reasons to suspect that explosion breccias in this mid-continent area 
are primarily due to the generation of steam in water-bearing sedimentary 
formations that were transected by the basic igneous intrusives. Dikes and 
diatremes, therefore, are merely two different expressions of the same thing. 
In some cases enough steam was generated by contact with water-saturated 
rocks to explode, leaving a debris-filled channel, which may or may not con- 
tain identifiable remnants of the original dike. This mechanism has been 
clearly stated recently by Stearns (8). In the case of the Missouri diatremes 
the cause of explosive action would reside in the presence, at the base of the 
stratigraphic column, of the Lamotte sandstone, a porous unit of considerable 
thickness resting directly on the Precambrian igneous basement, and presuma- 
bly water-saturated. The granitic fragments occasionally found in diatremes 
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would be either entrained from the immediately underlying basement or would 
represent the basal conglomeratic portion of the Lamotte. 

It is not known whether or not the Lamotte sandstone is present under 
Hicks Dome, but there is no basis to deny the probability and, if not, some 
other water-saturated member in the lower Paleozoic section might have 
served the same function. The possibility of such an origin was, indeed, 
briefly suggested by Kidwell (6, p. 32) and by Bucher (4, p. 27). 

Under the explanation offered above, the depressed ring around the ele- 
vated central core of a cryptovolcanic structure probably would be explainable 
as the result of widespread lateral migration of the water-saturated sandstone 
into and up the central vent, permitting collapse of the surrounding sedimen- 
tary column and the formation of the ring fault system. 

On the basis of the evidence and comparisons listed, the authors concur in 
offering the interpretation that Hicks Dome is an incipient or uncompleted 
example of a cryptovolcanic structure. Perhaps a reason for its failure to 
reach the typical end form may lie in the fact that the diatremes and dikes 
relieved the underlying pressure in easy stages rather than by a single concen- 
trated explosion. One may well speculate as to why the dome remains so 
pronounced over so broad an area. Does it imply a laccolithic lens of basic 
intrusive somewhere below, or merely the centripetal migration of some un- 
cemented sandy unit at depth? 


MINERALIZATION 


Fluorspar mineralization of varying quality was evident in virtually every 
sample cut in the Henry Hamp, either as breccia filling, veins, incipient vein- 
lets or replacement. Some zones showed indicative fluorspar continuously 
for 150 feet, one assay yielding 12.8 percent calcium fluoride. 

Fluorspar occurs in every color, ranging from clear colorless to opaque 
purple, the dominant colors being clear green, and purple. Fluorspar in the 
uppermost zone (310-330) was a clear green and occurred as large chunks 
free from foreign matter. This was first thought to be a bedded deposit, and 
sidewall cores were cut in this zone to determine the nature of the material. 
It was impossible to orient the coring device, but sufficient cores were cut to 
prove that the deposit was not bedded, hence presumably represented only 
minor veinlets. 

The brecciated zone from 1605 to the bottom of the hole showed minerali- 
zation by fluorspar, calcite, quartz, to a minor extent pyrite and even micro- 
scopic traces of sphalerite and galena. These minerals occur as the matrix 
of the breccia, incipient veinlets in the rock fragments, and as replacements of 
limestone and dolomite. No vertical zoning of these minerals was noted, all 
three occurring together. The zones with preponderance of fluorspar were 
assayed. This fluorspar was an opaque purple with minor translucent purple 
and clear. The significance of the color differences between the upper and 
lower zones is not known. It may be well to point out that much of the fluor- 
spar in this brecciated zone is very intimately intergrown with the gangue, 
including siliceous material, and probably would not yield a very good grade 
of spar. 
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Thin sections of sidewall cores were made to show the nature of the min- 
eralization and the cause of the brecciation. Apatite, heretofore undetected, 
was noted in small quantities. Faint flowage structure attributed to move- 
ments in the breccia was noted. 

Electric well logs of self potential and “micro” type were made by Schlum- 
berger Well Surveying Corporation but were considered completely unsatis- 
factory over large sections of the hole. Schlumberger attributed this to stray 
ground currents generated by surrounding mines. We question this conclu- 
sion, however, because the nearest mines are three miles distant, 3,000 feet 
higher stratigraphically and use electricity only in small amount. It seems 
more reasonable to seek the explanation in or adjacent to the hole itself. 

The micro log became completely erratic beyond 1,800 feet. Attempts to 
overcome this by displacement of drilling mud by fresh water and by use of 
a new micro logging unit were both unsuccessful. As the sulphides seen in the 
well were of minor amount, Schlumberger could offer no explanation for the 
phenomenon since fluorspar and limestone have approximately the same resis- 
tivity. However, it is quite possible that substantial amounts of sulphide, 
especially of iron, may exist near the hole and actually some pyrite shows in 
several samples and thin sections. 

We believe the mineralization to be a replacement and filling of voids in 
the explosion breccia. There is no reason to believe the mineralization exists 
only in depth and it may possibly be better nearer the surface. Unfortunately, 
little is known about mineralization in other structures of this type as none 
are being mined. It is conceivable that any zone within this structure could 
contain minable deposits of fluorspar or even of sphalerite or galena. 

Below is a tabulation of fluorspar analyses throughout the Hamp Well: 


Depth % CaFe Depth % CaF: 
225- 228 1.9 2250-2275 4.8 
315— 321 8.2 2275-2300 3.6 
330— 333 7.4 2300-2325 3.1 

2325-2350 3.2 
1600-1675 0.3 2350-2365 4.6 
1675-1700 2.8) 2375-2425 6.3 
1700-1725 Salen 2425-2450 6.6 
1725-1735 9.4/0.1 Zn 2450-2475 4.6 
1750-1760 6.6 2475-2500 2.5 
1775-1805 9.2 2500-2525 3.1 
1832-1875 4.1 2525-2550 3.4 
1875-1900 4.6 2550-2575 2.9 
1900-1925 4.3 2575-2600 2.5 
1925-1938 3.8 2600-2625 2.8 
1952-1975 3.8 2625-2650 3.1 
1975-2000 1.3 2650-2675 2.5 
2000-2025 3.0 2675-2700 1.4 
2025-2050 1.4 2700-2725 1.8 
2050-2075 2.0 2725-2750 1.3 
2075-2100 2.1 2750-2775 2.0 
2100-2125 2.0 2775-2800 3.6 
2125-2150 2.9 2800-2825 2.4 

2825-2850 2.2 
2200-2225 9.2 2850-2875 2.5 
2225-2240 8.1 2875-2900 3.2 

2900-2925 2.8 

2925-2944 3.6 
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The foregoing are based on composite 25-foot samples, or on averages of 
separate runs, usually of 5 feet. The material at the 225-foot and 325-foot 
horizons is green spar presumed to be in veinlets. All below 1,600 feet is 
purple spar in breccia. The highest individual assays were 12.8 percent 
from 315 to 317 feet and 11 percent from 2,205 to 2,210 feet. Several 5-foot 
runs exceeded 10 percent slightly, mainly near 1,800 feet. The missing inter- 
vals below 1,600 feet represent sections from which satisfactory cuttings were 
not obtained. 


RADIOACTIVITY 


Because of the peculiar nature of the breccia encountered in the lower half 
of this hole, the cuttings were tested for possible radioactivity under the super- 
vision of James W. Hill, a visiting U. S. Geological Survey representative. 
The tests showed 2 to 4 times normal background count in several sections. 
Samples from representative sections were submitted later to the Denver labo- 
ratory for analysis, under the auspices of the Atomic Energy Commission, 
results being reported as follows: 























| 
Sample Depth ——— U % | esse aad CaF: % 
1 1725-1750 029% 001 3x 6.4 
2 1785-1815 024 024 3x —4xX 9.6 
3 1975-2000 001 — Slight 1.3 
4 2150-2175 016 001 3x 7.9 
5 2370-2400 011 001 | x =—3x 10.8 
6 2425-2450 .008 001 | 3x =3x 6.6 
7 | 2450-2475 004 _ | 2% —3x 4.6 
s | 2900-2925 001 — | Slight | 2.8 
| 








Mr. Hill, who transmitted the results of analyses for uranium, offers the 
following comments : 


“The amount of radioactivity in four of the samples is significant but the lack 
of uranium revealed by the chemical analyses indicates that radium, thorium, or 
some other elements are the cause of the radioactivity.” 


In view of the uncertainty regarding the matter, additional portions of the 
cuttings numbered 1 and 2 were submitted to Professor George W. Bain of 
Amherst College, Amherst, Massachusetts. He reported on these as follows: 


RADIOMETRIC 
Initial On storage Chemical 
1 .0403% .0389% .00087% 
2 .0439% .0338% .00093% 


Professor Bain states: 


“We are not equipped to assay for thorium but I feel that the departure is not 
due to thorium. Many daughter elements of uranium migrate more readily than 
uranium and I suspect something like ionium or some other radium group daughter 
element as the offender. This would mean that some uranium ought to occur in 
the vicinity of the diatreme. Sea bottom sediments do accumulate ionium in excess 
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of the amount in equilibrium with local uranium and then radioactivity is 1,000 
times that expectable from the uranium present.” 


The Denver laboratory, however, in a final report on a detailed spectro- 
graphic analysis of the eight samples found .X — % Th in Nos. 1 and 2, 
.OX + % Th in 4 and 5, trace in 6 and 7, zero in 3 and 8, and concluded that 
“the moderate radioactivity of the samples is caused largely by thorium and 
is not of commercial significance at this time.” 

The Illinois Geological Survey, which has on public file duplicate cuttings 
from this well, has confirmed the radioactivity of the samples. It may be 
noted that a 3X count shows at the 228-foot depth in association with the 
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Fic. 3. Histogram of insoluble residues of lower part of Hamp well. 


shallow run of fluorspar mineralization, which occurred in cavernous, yellow, 
and iron-stained rock obviously leached and oxidized by surface waters. 

The authors will rest the case for this interesting radioactive anomaly with 
the observation that the Chattanooga shale (equivalent of New Albany shale 
horizon in this region) is well known as the carrier of persistent, weak sedi- 
mentary concentrations of uranium, and it seems natural to suggest a possible 
relation between that in the drill hole breccia and the New Albany shale which 
has barely been removed by erosion from the immediate surface above the hole. 
Unfortunately, no data as to the radioactivity of the shale in this locality are 
available. Derivation from the overlying shale would imply surprisingly deep 
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downward circulation of ground water, or at least mineralizing solution, in the 
breccia. 

On the other hand, the correspondence between the amount of fluorite min- 
eralization and the degree of radioactivity has already been pointed out. It is 
possible that this is the more significant relation and that there is no connec- 
tion between the radioactivity and the overlying shale. 


PETROGRAPHIC DETAILS 


A histogram of the insoluble residues of the brecciated portion of the hole 
is presented in Figure 3. Sand and vitreous quartz are the predominant con- 
stituents, although by volume there is a large proportion of porous honey- 
combed fragments, evidently networks of fine siliceous replacement of dolo- 
mite. These commonly are tinged by purple fluorite replacement. Some 
chert fragments also are present, and dark shaley matter is fairly common. 

One thin section was cut from side-wall core obtained at 321 feet in the 
upper mineralized zone, the lower Devonian Backbone limestone. This showed 
considerably brecciated stylolitic limestone cemented by a mixture of fine- 


THIN SECTION DATA 
Henry Hamp Explosion BRECCIA 
Section Depth Summary description 


2a 1730 60% dolomite, partly coarse, stylolitic. Several chert fragments (or 
could be devitrified porphyry?). Three brown altered fragments 
possibly basic igneous. One piece black shale. Few sand grains. 
Trace barite and fluorite. 


2b 1730 Several limestone fragments with fossils. Several roundish chert grains. 
Two large pieces black pyritic shale (Maquoketa?). Much purple 
fluorite replacement and one large barite blade. 


3 1747 Heterogeneous dolomite fragments partly replaced by quartz. The 
vitreous quartz contains considerable pyrite and traces ZnS. Much 
fluorite present. 


4a 1800 Fine-grained mass of milled dolomite and quartz. Considerable angular 
quartz. One roundish chert fragment. Abundant pyrite or mar- 
casite. 

4b 1800 Same with some ragged dolomite grains. Abundant black shale (or 


bitumen?) showing flowage structures. Much fine iron sulphide and 
abundant replacement fluorite. 


5a 1840 Much sandy dolomite (quartz grains in dolomite cement). Much 
quartzite, intensely silicified, in large and small grains. Traces 
fluorite and barite. 


5b 1840 Very similar to 5a but the cemented quartzite shows outlines of original 
sand grains better. One large vitreous quartz fragment with apatite. 


6a & b 2205 50% fine-grained dolomite fragments; part issandy. One good vitreous 
quartz fragment with included dolomite and apatite. One zircon? 
fragment. Some fluorite, trace barite. 


7 2225 One coarse dolomite fragment banded with 5% fine-grained quartz 
(sedimentary?). One breccia band of fine dolomite and vitreous 
quartz. Strong pyritization. Trace fluorite. 
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grained carbonate and quartz, the latter amounting to about 5 percent by vol- 
ume of the total. Chalcedonic quartz, some in tiny geodes, and part of it col- 
ored by partial rings of limonite, is plentiful, indicating the influence of oxidiz- 
ing waters, although some unoxidized pyrite is present. There is a little vein 
calcite. Although brecciated, the fragments are all of one uniform character, 
unlike the sections described, and the rock is judged to be a normal fracture 
zone specimen. 

The remaining sections studied are from the deeper breccia of presumed 
explosive origin. Their dominant features are tabulated above. 
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DISCUSSION 


METALLIC MELTING POINT AND ORE DEPOSITION 


Sir: In Table 1 of my paper “Metallic Melting Point and Ore Deposition,” 
Economic Geotocy (vol. 49, Sept.—Oct., p. 555-574), the oxyphile elements 
were arranged in order of their melting points and the arrangement did not 
appear to be very significant for geological processes. 
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Heat of formation of oxides of certain oxyphile elements. 
(Data from Rankama and Sahama, 1949.) 


In the attached table some key ionic bonding elements are arranged in 
order of the free energies of formation of their oxides and this arrangement 
is suggestive of the manner in which the elements are found in rocks and in 
ore deposits. The data do not suggest the agency of hydrothermal solutions, 
but suggest a continuous reaction series related to falling temperature. 

C. J. SULLIVAN 

Kennco Expiorations Ltp., 


Toronto, CANADA, 
Sept. 27, 1954 
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904 DISCUSSION 


COMMENTS ON METALLIC MELTING POINT AND 
ORE DEPOSITION 


Sir: In the article “Metallic Melting Point and Ore Deposition,” by C. J. 
Sullivan (Vol. 49, No. 6, 1954, p. 555), some of the adverse evidence was 
overlooked in the discussion of certain deposits used as examples. Some of 
these points should be mentioned at this time. 

Lead Deposits, Missouri—The association of cobalt and nickel in concen- 
trations associated with the low temperature lead ores was not mentioned. 

Colorado Plateau Uranium-Vanadium Field—Mr. Sullivan says on page 
568, “The writer considers that a primary concentration of major intensity 
occurred during the sedimentary cycle, though evidence clearly shows that 
some reconcentration has occurred.” He has neglected the significant contri- 
bution of the U. S. Geological Survey (1) who made numerous age deter- 
minations of plateau ores by the lead-uranium method. The conclusions in 
the above mentioned paper are that the uranium was introduced into Triassic 
and Jurassic sediments not later than late Cretaceous or Early Tertiary. 

On page 569 he states, “There is no sign in the comparatively stable Colo- 
rado region that extensive granitic activity has taken place, and such activity 
could not be expected in such a tectonic environment.” On the plateau there 
have been trachytic intrusives emplaced in the vicinity of most known uranium 
discoveries. To name a few—the Henry Mountains, La Sal Mountains, and 
Pine Valley Mountain. Many people believe these are related to the ore 
mineralization. 

In his discussion of vanadium (p. 569) he uses the theory he is trying to 
prove as evidence to support his theory: “The melting point evidence indicates 
that it is most unlikely that the vanadium has been concentrated by thermal 
processes.” 

As a matter of fact, vanadium as descloizite is fairly widespread, though 
not common, in lead-zinc ores. 

Rhodesia-Katanga Copper-Cobalt-Uranium Belt, and Western Mac- 
Donnell Range Copper-Nickel Province, Australia.—Certainly most geologists 
agree that it is possible to have syngenetic ore deposits as well as epigenetic. 
The author still does not hypothesize the origin of the copper he describes. 
Was it from erosion of ore deposits of magmatic origin? If so, how does the 
mention of these two deposits aid in supporting his theory? 

On theoretical grounds it is difficult to see how such massive sulfide re- 
placements as those at Cerro de Pasco, Peru, and Jerome, Arizona, could 
be formed without some transporting agent to remove that which was replaced. 

Mr. Sullivan has pointed out some interesting relationships, but in my 
mind he has proved nothing. The hydrothermal theory, while it may not be 
valid in all interpretations, has a solid basis of fact to support it, and any at- 
tempts to set up new theories should take these facts into consideration. 
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In usual practice, theory is based on the interpretation of all available evi- 
dence, rather that evidence gathered to fit the theory. 
RicHarp V. WyMAN 
WESTERN GOLD AND URANIUM, INC., 


Leeps, UTAH, 
September 27, 1954 


REFERENCE 
1. Stieff, L. R., Stern, T. W., and Milkey, R. G., A Preliminary Determination of the Age of 


Some Uranium Ores of the Colorado Plateaus by the Lead-Uranium Method: U. S. G. S. 
Circular 271, 1953. 


SEDIMENTARY FACIES OF IRON FORMATION 


Sir: I have read the valuable paper by Harold L. James in the May issue 
of Economic GEoLocy on the sedimentary facies of iron formation in the 
Lake Superior region with great interest. 

While the suggestion of separate marginal basins on the order of 500 miles 
in length and 100 miles in width may account for dissimilarities in Lake Supe- 
rior iron formation stratigraphy, it does not account for the almost entire ab- 
sence of clastic material in iron formation deposits elsewhere. His final con- 
clusion that the difference between the iron formations of Precambrian age 
and those of younger age is a difference in degree rather than kind, over- 
simplifies the problem. Were such an explanation adequate there would not 
have been such a bibliography as the one given with the paper. 

The difference is attributed to the intensity and duration of deep chemical 
weathering, but no reason is suggested why chemical weathering should have 
been deeper and more prolonged during a limited Precambrian time than be- 
fore or since. And what is meant by “deep”? 

At Conakry, in French Guinea, at the present time, chemical weathering 
is forming deposits of lateritic iron ore. The blanket of altered material above 
the dunite from which it is formed extends locally to depths of over 100 metres, 
in places extending below sea-level. This laterite contains 50 to 56 percent 
iron (dry), with nearly a ton of iron per cubic metre. Taking an average 
thickness of 45 metres the iron content is over 40 million tons per square kilo- 
metre. The laterite develops its own protective carapace as a hard surface 
zone some 7 to 10 metres thick. Below this hard layer the rich iron-bearing 
material is quite soft, and there may be movement of iron and alumina within 
the mass. 

Are these depths not of the magnitude conceived by James and Wool- 
nough? They are deep enough to give rise to very large iron concentrations, 
and there seems no reason to suppose that similar deep chemical weathering 
has not occurred frequently since Precambrian times, but without the forma- 
tion of the Precambrian type of banded iron formation. 

F. G. Percivar 

SADLERS END, 


HASLEMERE, ENGLAND, 
June 29, 1954 
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Sir: Commenting on remarks made by D. M. Davidson, as printed in 
Economic GeEotocy of June-July, 1954, although not in conflict with his main 
theme, I disagree with some of his statements and inferences in regard to the 
Marshall Plan. 

The inference is that the mineral procurement effort in Economic Co- 
operation Administration counted rather heavily in the picture and that this 
and our overbearing attitude caused much of the present lack of accord be- 
tween the U. S. and Western European nations that participated in the plan. 
Actually, the procurement activity was such a small part of the ECA program 
that it could easily be overlooked in a general survey. 

Good training will always improve human capabilities, but in justice to 
the personnel of ECA, I believe that most of them were well equipped with 
friendliness, a sincere zeal to make the Marshall Plan work, and genuine 
eagerness to understand the foreign point of view. As a matter of fact, the 
Strategic Materials Division of ECA, which I organized and directed for more 
than a year, found its functions continuously impaired by the tendency of ECA 
personnel stationed abroad to take on the color of their environment by 
putting the foregin point of view foremost and by forgetting that the American 
taxpayers had to work for a living. 

In the light of the present tendency of Western Europeans to be critical 
of the United States, my own conclusion is that first of all, this situation has 
been brought about by the play of forces that are subsequent and more or less 
independent. To the extent, however, that any failure of United States 
foreign policy can be attributed to ECA, it would be, not because ECA 
personnel were harsh and overbearing, but because they were too soft and too 
willing to assume that any situation could be cured by mere kindness in the 
way of smothering all problems with money extracted from United States 
taxpayers. As I see it, Europe’s biggest problem was and is moral, not 
physical. The European nations that participated in the Marshall Plan and 
are now most critical of the United States are the ones which lack sufficient 
moral fiber to rise to their own responsibilities. The nations that had ade- 
quate moral fiber benefited from the help, are doing well except for circum- 
stances outside of their control, and are reasonably in accord with our view- 
point. What ECA proved was not a failure of its personnel, but the unalter- 
able fact that neither a man nor a nation can be helped from outside if he or 
it is not willing to do three-quarters of the job of rehabilitation. 

Turning to the contracts made by the ECA Strategic Materials Division, 
these were made under the most generous terms of a business nature ever 
conceived up to that time. The United States taxpayers’ money was put 
into enterprises that in private finance would have called for reward in the 
shape of equity participation, but all we could expect to get back was re- 
payment of the advances in the products of the operations, if they succeeded. 
Contracts in favor of the United States stockpile over and above amortization 
shipments were sought only where there was a surplus indicated over 
European requirements. Some contracts were even more generous. In one 
case, a group of geologists was furnished at ECA expense to make an ex- 
tensive survey of Angola and Mozambique. There was no money reim- 
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bursement to the United States taxpayers; all that was asked was that United 
States agencies should have access equal to that of Portuguese nationals 
to the information obtained, and that United States enterprise should have 
favorable but not preferred treatment in any development that might ensue 
from this activity. This last consideration really cost nothing as it would 
be intelligent policy on the part of the Portuguese in any event. They are 
fully aware that the help of foreign capital in developing their large African 
holdings would be very beneficial. 
Evan Just 
ScarsDALe, N. Y. 
Oct. 12, 1954 








SCIENTIFIC COMMUNICATIONS 


ARSENIC AND NATIVE COPPER 





ROY W. DRIER 


An investigation of natural or growth twinning in masses of native copper 
has revealed some relationships between arsenical copper and arsenic-free 
copper that may be of interest to geologists. The samples described are small 
masses of native copper obtained from the stamp mills of Calumet & Hecla, 
Inc., Calumet, Michigan, and had been broken free from the amygdaloidal lava 
in which they occur naturally... The writer carried out his investigations in 
the Metallurgical Engineering Department of the Michigan College of Mining 
and Technology. 





Fic. 1. The dark ring material contains more arsenic than the copper between 
the rings. X 1. 

Fic. 2. Similar to Figure 1. Rings are indicative of changing composition of 
depositing solutions. X 1. 


1 Butler, B. S., Burbank, W. S., et al., The copper deposits of Michigan: U. S. Geol. Survey, 
Prof, Paper 144, 238, 1929. 
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Specimens of mass copper ranging from 4 to 8 inchés in diameter were 
milled smooth on one face in a lathe, and the face so produced was polished 
on polishing belts and etched with acid ferric chloride. The etchant was 
made with 25 grams of FeCl,, 25 cc of HCl and 100 cc of H,O. A light etch, 
sometimes merely one stroke with a cotton batting swab soaked in the etchant, 


ay 





Fic. 3. Illustrates general diffusion of arsenic into copper, immediately adja- 
cent to the dark arsenical phase. It also illustrates the greater diffusibility of 
arsenic through the grain boundary material of the copper. Upper one-third of the 
specimen contains 0.0264% As; middle one-third of the specimen contains 0.4620% 
As; lower one-third of the specimen contains 0.5148% As. 

Fic. 4. Illustrates differential arsenic content within the arsenical phase itself. 
m3: 


was sufficient to show up the arsenic-bearing phase. To show up the granular 
structure of the metal an extended etch, or even a strong etchant like nitric 
acid, was needed. The arsenic-bearing phase turned dark on etching with the 
acid ferric chloride. When the etched face is not polished, and so has more 
surface area per square inch than a polished face, the arsenical phase appears 
much darker. Figure 4 was polished, figure 3 was not, so the arsenical phase 
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in Figure 3 appears much darker. Some differences in darkness are apparent 
even within the arsenical phase of Figures 4 and 5. 

Spectroscopic analysis of the darker colored copper shows that it is much 
higher in arsenic than the lighter colored copper, and the relative darkness, 
furthermore, appears to be proportional to the arsenic content. The arsenic 
content of the copper in the specimens studied ranges from about 0.002 to 





Fic. 5. Illustrating general diffusion of arsenic into copper. Dark areas are 
arsenical. Higher arsenic content is indicated by greater intensity of darkness. 
x1. 

Fic. 6. Illustrating intergranular diffusion. Specimen contains 0.019% As. 
x I. 


0.515 percent. When a group of etched samples is arranged in order of in- 
creasing amounts of the darker arsenical copper, it is possible to use this series 
as a scale for fairly accurate visual estimations of the arsenic content in speci- 
mens of unknown content. Arsenic percentages of the specimens illustrated 
in Figures 3 and 6 are given in the captions. The individual mine from which 
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a given specimen of recently mined mass copper came can also be fairly reli- 
ably guessed from the amount and appearance of the arsenical copper as 
brought out by this technique. 

Two types of relationship between arsenical and arsenic-free copper have 
been observed. The first and least common phenomenon is an alteration of 
bands of more and less arsenical copper that closely resembles the concentric 
Liesegang ring formation of agates and similar crystal growths. (See Figs. 
l and 2.) Possibly 2 or 3 percent of the specimens studied show this struc- 
ture. The concentric rings represent an onion-structure in three dimensions, 
as was shown by cutting, polishing, and etching one specimen on two faces at 
right angles to one another. These shells of more arsenical copper cross indi- 
vidual grains and few of the irregularities in the shells seem to be related in 
any way to grain boundaries or grain orientation. Except near the center of 
the specimen of Figure 1, irregularities that are convex toward the centers of 
the specimens seem to be more acute, in general, than the irregularities that 
are concave toward the centers, which suggests that the masses have grown 
by accretion about a central nucleus rather than in from the walls of a cavity. 
If this interpretation is correct, the solutions that deposited the mass of Figure 
2 became progressively more arsenical with time, whereas those that deposited 
the mass of Figure 1 show no well-defined trend. Both specimens suggest a 
rather rhythmic fluctuation in the arsenic content of the depositing solutions. 

A second and more common phenomenon is illustrated in Figures 3 and 4. 
In these the more darkly stained arsenical copper seems to have the relation- 
ship of an invader in the arsenic-free copper. The intimate penetration along 
grain boundaries, working out from the completely blackened body of very 
arsenical copper in the lower part of Figure 3, suggests that arsenic has in 
some way been introduced into the mass after its original formation.The larger 
tongue-like penetration of arsenical copper, more striking in Figure 4 than in 
Figure 3, suggests the same phenomenon. The specimen of Figure 4, more 
highly polished, more lightly etched and with less photographic exposure than 
Figure 3, shows what appear to be incompletely altered islands of slightly less 
arsenical copper even within the high-arsenic area. Figure 6 suggests arsenic 
diffusing intergranularly into the copper. 

These preliminary results show the existence of mixtures of arsenical and 
non-arsenical copper that have not been hitherto recognized, and suggest a 
technique for further investigation of the geologic controls of arsenic distri- 
bution in the mines of the Michigan copper district.’ 


Dept. OF METALLURGICAL ENGINEERING, 
MICHIGAN COLLEGE OF MINING AND TECHNOLOGY, 
HouGuTon, MICHIGAN, 
July 27, 1954 


2 Broderick, T. M., Zoning in Michigan copper deposits and its significance: Econ. GErot., 
vol. 24, p. 149-62, 311-24, 1929. 
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Minerals for Atomic Energy. By Rosert D. NiniNGER. Pp. 367; figs., colored 
plates, charts. D. van Nostrand Co., New York, 1954. Price, $7.50. 


This opportune book comes at a time when the search for atomic minerals is 
growing apace. Its title states that it is “A guide to exploration for uranium, 
thorium, and beryllium,” and is meant to be a complete handbook for prospecting 
for these minerals. The author is Deputy Assistant Director for Exploration, 
Division of Raw Materials, U. S. Atomic Energy Commission, and is therefore 
uniquely qualified to write about the subject. The book is organized to assist the 
untrained, the prospector, and the professional geologist. It presents an under- 
standing of what and where to look, the tools and methods to use, and how to 
evaluate a find. 

Part I, What to Look For, gives information about the minerals and mineral 
deposits that are actual or potential sources of radioactive minerals. It gives the 
mineralogy, geology and identifying marks of possible deposits. Part II is a 
survey of world areas that are favorable for the occurrence of atomic energy 
minerals. Part III deals with prospecting equipment, techniques, evaluation, 
prices, markets and government controls. Sixteen appendices cover minerals, 
mineral identification, classification of mineral deposits, sampling and testing, 
government information sources, manufacturers and distributors of equipment, 
laws and regulations, staking mining claims, prices and markets, and information 
on occurrence in British Commonwealth and other countries, including Russia. 

The book is the very best that has appeared on this general subject. It brings 
together a wealth of information regarding radio-active minerals and should prove 
invaluable for the prospector and a handy reference book for the geologist. One 
must mention the five fine color plates of various atomic energy minerals. 


Petroleum Microbiology. By Ernest Brerstecuer, Jr. Pp. 375; figs. 71. 
Elsevier Press, Houston, Texas, 1954. Price, $8.00. 


This rather unusual book is stated to be “An Introduction to Microbiological 
Petroleum Engineering”—a bringing together of two fields of work. In it the 
author points out the possibility of oil discovery through the presence of a particular 
bacterial flora in the soil, the role of bacterial ferments in drilling mud, problems 
relating to cause and prevention of plugging up of oil formations by multiplication 
of bacteria, the use of bacterial catalysts in the fabrication of petroleum products, 
and many other interesting phenomena in the relation of bacteria to petroleum. 
The contents are largely oriented from the standpoint of petroleum engineering. 

The book is divided into three main parts, following an introduction—Explora- 
tion, Production, and Manufacturing. Under the first is considered the “Role of 
Microorganisms in Geological Processes,”—the role in the “Synthesis of Petroleum,” 
the “Microbial Utilization of Petroleum Hydrocarbons,” and the “Use of Micro- 
organisms in Petroleum Explorations.” Under Production are chapters on the 
activities of microorganisms in drilling muds, in petroliferous formations, and in 
corrosion. Under Manufacturing are three chapters on “The Effects of Hydro- 


912 














REVIEWS 913 


carbons upon Microorganisms,” “Use of Microorganisms as Reagents in the Manu- 
facture of Petroleum Products” and “Petroleum and its Products as Sources of 
Infectious Microorganisms.” These are followed by a glossary and index. Refer- 
ences are given at the end of each chapter. 

Petroleum technology and microbiology and biochemistry are intimately blended 
with good effect. The author, an associate professor of Biochemistry at the 
University of Texas, is an authority on Microbiology and Biochemistry, and has 
a knack of presenting scientific information directed to practical application. It is 
a book that should interest petroleum geologists and petroleum engineers. 


Structural Geology. By Martanp P. Bitiines. 2nd edition, 1954. Pp. 514; 
figs. 381. Prentice-Hall Inc., New York. Price, $6.95. 


This new edition, after a lapse of 12 years, follows the general policy of the 
earlier edition with emphasis on the principles of structural geology. Of course 
the text matter has been brought up to date, three new problem exercises have 
been added and some of the other exercises have been modified. 

The 23 chapters, as before, cover mechanical principles, folds and folding, rup- 
ture, joints, faults with their classification recognition and mechanics; causes of 
folding and faulting, unconformities, salt domes, extrusive and intrusive igneous 
rocks and bodies, cleavage and schistosity, lineation, structural petrology, and geo- 
physical methods in structural geology, followed by 13 laboratory exercises. 

Like its predecessor this edition should become the leading text book and refer- 
ence in structural geology. 


Minerals, for the Chemical and Allied Industries. By Sipnry J. JoHNSTONE. 
Pp. 692. John Wiley & Sons, New York, 1954. Price, $11.50. 


This book by the former Principal of the Mineral Resources Department of 
the Imperial Institute, London, is pointed to make information about the qualifica- 
tions of minerals available to mineral producers. It serves also to give knowledge 
of the properties, specifications, and uses of minerals to consumers of minerals, 
particularly those of the chemical industries. 

Seventy-one minerals and mineral groups are considered. For each there is 
given the natural minerals, sources, metallurgy or beneficiation, specifications, 
production, uses, consumption, and bibliography. The book thus gives concen- 
trated information regarding most of the metals and minerals used in industry and 
should prove to be a handy general reference book for all of those interested in the 
mineral industry. 


A Historical Survey of Petrology. By F. J. Lozwinson-Lessine, translated by 
S. I. TomKererr. Pp. 112. Oliver and Boyd, Edinburgh, London, 1954. Price, 
12/6. 


This book was published by Professor Loewinson-Lessing in Russian in 1936, as 
a survey of the trends of petrology during the preceding half-century, with his own 
personal views interwoven. The translation into English was completed by Dr. 
Tomkeieff in 1939, but publication was delayed owing to the outbreak of war. The 
translator states he resisted the temptation to bring the book up to date because 
it is a record of the petrological experience of the author. He did, however, add 
some material drawn from the author’s latest publications, and added to the 18-page 
bibliography some fifty titles of later publications. 
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The author, after an Introduction, divided his work into five titles, the Geo- 
logical, Petrographical, Chemical, Experimental, and Synthetic approaches, cover- 
ing under each the history of developments up to the date of writing (1936). 
Interspersed are his own comments. 

The book is an interesting history of the development of petrology from the pre- 
microscopic to the microscopic eras, viewed through the eyes and thoughts of an 
eminent petrologist. It is stated to be “the first book dealing with the history of 
petrology as such to be published in the English language. All petrologists will 
wish to read it. 


Geographical Essays. By W. M. Davis, 1909. Republished unabridged, 1954. 
Pp. 777; figs. 130. Dover Publications, New York. Price, $5.50. 


This great classic by the most renowned physiographer and geographer has long 
been the leader and guide to all later geomorphologists and geographers. Its re- 
publication will permit those who have been unable to possess a copy of their own 
now to have one in their own library for reference and instructive reading. Davis’ 
notable drawings can now be more widely appreciated. Since most geologists and 
geographers have either known or been brought up on this book, the listing of its 
contents is unnecessary. 


BOOKS RECEIVED 
KURT SERVOS 


U. S. Geological Survey, Washington, D. C., 1954 

Prof. Paper 254-C. Nonmarine Mollusks from Barstow Formation of 
Southern California. D. W. Taytor. Pp. 67-80; pls. 20. Price, 30¢. This 
formerly unknown Cenozoic nonmarine mollusk fauna from the southern Great 
Basin includes four new species. 

Prof. Paper 254-D. Two new Plant Genera of Pennsylvanian Age from 
Kansas Coal Balls. S.H.Mamay. Pp. 81-95; figs. 2-4; pls. 21-23. Price, 55¢. 
Descriptions of a new sporangium and a new pteridospermous seed. 


Prof. Paper 254-F. Distribution of Some Shallow-Water Foraminifera in 
the Gulf of Mexico. O. L. Banpy. Pp. 125-140; figs. 5-13; pls. 27-31. Price, 
$1.00. Detailed study of the ecology and distribution of Foraminifera and of the 
median grain size of the sediments. 


Prof. Paper 254-H. Triassic Stratigraphy of Southeastern Idaho and Ad- 
jacent Areas. BrernuArp Kummet. Pp. 165-194; figs. 18-21; pls. 3440. 
Price, $1.00. The strata of Lower Triassic age include rocks of both miogeo- 
synclinal and continental origin. The Dinwoody formation contains previously 
unknown ammonite faunas. Many geologic sections and correlation diagrams. 
Prof. Paper 254-I. Carolina Bays and the Shapes of Eddies. C. W. Cooke. 
Pp. 195-207; figs. 22-25; pls. 41-53. Price, 70¢. Interpretation of the most 
symmetrical of the Carolina bays as the sites of former tidal eddies. 


Prof. Paper 257-A. Lake Bonneville: Geology of Northern Utah Valley, 
Utah. C. B. Hunt, H. D. Varnes and H. E. Tuomas. Pp. v, 99; figs. 22; pls. 
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4; tbls. 28. Price, $2.25. Some sediments are useful as foundation materials 
and as processed or unprocessed construction materials. The principal sources of 
groundwater are the pre-Lake Bonneville Pleistocene deposits and the older 
Cenozoic (?) deposits. The major portion of the Paper is an account of the 
general geology. Geologic map, 1: 62,500; engineering geologic map, ground- 
water map, 1: 62,500; six geologic sections based on well logs. 

Prof. Paper 264-A. Ostracoda from the Permian of the Glass Mountains, 
Texas. I. G. Sonn. Pp. 1-24; figs. 2; pls. 5. Price, 75¢. Thirteen of 18 spe- 
cies of ostracodes are new and one is unnamed. 

Circ. 230—Airborne Radioactivity Surveys for Phosphate in Florida. R. M. 
Moxuam. Pp. 4; fig. 1; pls. 8. Locations of anomalies found by airborne 
traverses. 

Circ. 334—Uranium-Bearing Copper Deposits in the Coyote District, Mora 
County, New Mexico. H. D. Zetier and E. H. Battz, Jr. Pp. ii, 11; figs. 3; 
pl. 1. Chalcocite (with some bornite, covellite, pyrite, and malachite) averages 
3% Cu and the U amounts to as much as 0.067%. The deposits are syngenetic 
in the Sangre de Cristo formation. 

Circ. 335—Reconnaissance for Radioactive Deposits in East-Central Alaska, 
1949. He_mutH Wepow, Jr., M. G. WHITE AND OTHERS. Pp. iii, 22; figs. 6; 
tbls. 11; pls. 2. Record of brief radioactivity reconnaissance investigations. In 
the Eagle district radioactivity is associated with Cu mineralization in meta- 
sediments. 


U. S. Atomic Energy Commission, Tech. Inform. Service, Oak Ridge, Tenn., 
1954 


RME-3093 (Pt. 1). Relation of Sedimentary Trends, Tectonic Features, and 
Ore Deposits in the Blanding District, San Juan County, Utah. W. L. 
Stokes. Pp. 33; figs. 7. Structural control of stream flow in Jurassic time 
seems to have localized later uranium-vanadium mineralization in Salt Wash 
sandstone. 


RME-3093 (Pt. 2). Sedirnentary Features and Mineralization of the Salt 
Wash Sandstone at Cove Mesa, Carrizo Mountains, Apache County, Ari- 
zona. D. J. Jones. Pp. 40; figs. 23. There is cyclic repetition of sedimentary 
units in Salt Wash sandstone. The pattern of the sandstone-shale ratio maxima 
correlates with the directional pattern of stream flow. 
California Division of Mines. Mineral Information Service, Vol. 7, No. 8. 
Dept. of Natural Resources, San Francisco 11, 1954 


Pub. in Geol. Sciences, Vol. 29, No. 9. Mode of Origin of Pyroclastic 
Debris in the Mehrten Formation of the Sierra Nevada. G. H. Curtis. 
Pp. 453-502; figs. 4; pls. 35-45. Univ. of Cal. Press, Berkeley & Los Angeles, 
1954. Price, 75¢. The andesitic volcanic debris of Upper Miocene (?) and 
Lower Pliocene age once covered an area probably exceeding 12,000 square miles. 
Origin is by autobrecciation of slowly moving lava. 

Pub. in Geol. Sciences, Vol. 30, No. 2. Foraminifera from the Gaviota For- 
mation East of Gaviota Creek, California. E. J. Witson. Pp. 103-170; figs. 
3; pls. 12-18. Univ. of Cal. Press, 1954. Price, $1.00. The Gaviota formation 
of Oligocene (Refugian) age contains 62 species and varieties of Foraminifera 
and 13 species of marine megafossils. Eponides gaviotaensis is a new species. 
Wilson describes ecology and correlation of the formation. 
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Illinois State Geol. Survey. Urbana, II. 
Petroleum No. 70, Developments in Illinois and Indiana in 1953. A.H. Bett 
and T. A. Dawson. Pp. 1078-1090; fig. 1; tbls. 11. Im 1953, 3473 wells were 
drilled for oil and gas in Illinois and Indiana; total production was more than 
71.6 million barrels. Most of the new producing zones are in middle Paleozoic, 
some in lower Paleozoic, rocks. 

Kansas State Geological Survey Bull. 107 
Oil and Gas Developments in Kansas During 1953. W. A. ver WIEBE AND 
OTHERS. Pp. 204; figs. 16; tbls. 57; pls. 2. Univ. of Kansas, Lawrence, 1954. 
Kansas oil production in 1953 totaled almost 114.4 million barrels, gas production 
was 420.6 billion cu. ft. Proved reserves of crude oil are 913 million barrels. 

Minnesota Geological Survey, Minneapolis, Minn. 
The Stratigraphy and Structure of the Mesabi Range, Minnesota, 1954. 
D. A. Waite. Pp. xiv, 92; figs. 19; tbls. 11; pls. 4. University of Minnesota, 
Minneapolis, Minn. Price, $2.50. The Upper Precambrian Animikie group 
includes the Pokegama (quartzite), Biwabik (iron-bearing), and Virginia (argil- 
lite) formations. There is evidence of both penecontemporaneous and diagenetic 
origins for the chert and iron minerals. Eleven structure contour maps, 1: 31,250; 
geologic map, 1: 62,500. 

Missouri Div. of Geol. Sur. and Water Resources 
Rept. of Investigation 15. Rolla, 1954. The Geology of the Humansville 
Quadrangle, Missouri. T. K. Searicut. Pp. 50; pls. 3. The formations 
range from Ordovician to Pennsylvanian in age. Geologic map, 1: 24,000. 
Rept. Investigation 16. The Structure and Magnetic Surveys of the Sulli- 
van-Bourbon Area, Missouri. T. K. SEARIGHT AND OTHERS. Pp. iii, 14; pls. 
4; tbl. 1. Investigations of magnetic anomalies have disclosed mineralization of 
both hematite and magnetite. 

New York State Science Serv. Albany, 1954 
Rept. of Investigation No. 5. Magnetic Anomalies of the Paradox Lake, 
N. Y., Quadrangle. B. M. Suavus. Pp. ii, 13; fig. 1; tbls. 2; pls. 11. Acces- 
sibility, geology, description, statistics, and potentiality of each dip-needle 
anomaly. 

North Dakota Geol. Sur. Circ. Nos. 78-86 
Each circular contains lithologic description of rocks encountered in drilling the 
following wells: Elmer Tank No. 1 Well, Frank A. Fischer No. 1, John Gangl 
et al. “A” No. 1, Well No. 434, H. Amann No. 1, Ohlhauser No. 1, Wendell Haley 
No. 1, O. Gunderson No. 1, Chris Linnertz No. 1. 

Ohio Dept. of Natural Resources, Columbus, Ohio, Div. of Water Bull. 28, 

1954 

Ground Water Levels in Ohio, 1951-52. Paut Kaser. Pp. x, 95; figs. 132; 
tbls. 3. Inventory of hydrologic conditions including summary of basic geologic 
concepts. 

List of the Principal Operators and Owners of Mines and Quarries in the 

Province of Quebec. 1953. Pp. 90. 
Province of Ontario Metal Resources Circular No. 1. 3rd Ed. 1954 


Copper, Nickel, Lead, and Zinc Deposits in Ontario. J. E. THomson anp 
OTHERS. Pp. i, 68. Inventory report of some mineral properties in Ontario. 
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Each description includes ownership, location, metals, development, geology, 
reserves. 


Canadian Department of Mines 
The Mining Industry of the Province of Quebec in 1952. Pp. 114; figs. 2; 
pls. 8. General review, mining operations, development, and statistical data. 
Geol. Report 60. Maicasagi Area Abitibi-East County. P. E. ImsBautt. 
Pp. 34. Description of areal geology. Slight mineralization is widely dis- 
persed: gold, silver, and copper are negligible; pyrite is common; chalcopyrite is 
less abundant. Geologic map, 1: 63,360. 

Australian Bur. of Mineral Resources, Geology and Geophysics, Melbourne. 

Quarterly Rev. Vol. 6, No. 4. May, 1954. 
The Australian Mineral Industry. J. A. Dunn. Pp. iii, 113-150. Price, 3/-. 
Statistics of economic mineral production. 

British Territories in Borneo 
Annual Report of the Geological Survey Dept. for 1953. F. W. Row. Govt. 
Printing Office, Kuching, Sarawak. 1954. Pp. v, 127; figs. 9; pls. 21; tbls. 13. 
Price, M$ 3.00 or 7/—. Sediments range from Permian to recent in age; the 
tectonic history is complex. Economic production during 1953 included more 
than 36.8 million barrels oil, 442 fine ounces gold, and 632 long tons phosphate. 

The Inst. of Min. and Metallurgy. London E. C. 2 
Abstracts, Vol. 4, No. 6. Pp. 283-331. Price, 5/-. Annotated survey of 
world literature on economic geology, mining, metallurgy, and related subjects. 

Radioactivity and Chemistry of Some Indonesian Eruptive Rocks. J. WEsTER- 
veELD. North-Holland Publ. Co., Amsterdam. 1954. Pp. 52, figs. 13; tbls. 11. 
Price, £4.50. Indonesian igneous rocks show a relation between total radio- 
activity intensity, B-emission intensity, and Ra content and that of SiO, and 
K,O weight percentages. Tin granites may be a future source of fissionable 
materials. 

Mem. of the Rajputana University, Dept. of Geology, India. Udaipur. 1953 

No. 1. A New Theory of Sheet Movements and Continental Expansion. 
K. P. Rope. Pp. 30; figs. 10. Suggestions of a working hypothesis to solve 
geological enigmas. 
No. 2. The Gondwana Formations of India and the Nature of Gondwana- 
land. K.P. Rope. Pp. 12; figs. 5; tbls. 2. The Gondwana formations include 
the main coal deposits. Gondwana formations of other continents are supposed 
to have been derived by sheet movement and consequent continental expansion. 

Geological Survey of Japan—Hisamoto-cho, Kawasaki-shi, Japan, 1953-54 
Explanatory Text of the Geological Map of Japan. Wakimachi—Zone 30, 
col. 16. Sheet 231. Ken Hirayama. Pp. 34, 11. Areal geology is detailed ; 
ore reserves of 770,000 tons (in 1949) average 1% Cu content. In Japanese. 
Geologic map, 1: 75,000. 

Oyaichiba (Okayama-34). Osamu Hirokawa, Humio Toco and NosuKazu 
Kame. Pp. 31, 10; tbl. 1. A spectrum of igneous rocks composes the region. 
Numerous copper-tin veins are composed of chalcopyrite, bornite, cassiterite, 
wolframite, spalerite, and gelena; with scheelite, bismuth, bismuthinite, siderite 
and pyrrhotite. In Japanese, English summary. Geologic map, 1: 50,000. 

Tajima-Takeda (Okayama-35). Osamu Hirokawa, Humio Toco and Nosu- 
KAzU Kampe. Pp. 20, 9; tbl. 1. The ore of micaceous iron deposits contains 
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36% Fe; some fissure fillings in rhyolite lava have 0.32% Cu, 0.37% Pb, and 
1.56% Zn; quartz-fluorite veins carry from 40 to 70% CaF,. In Japanese, 
English summary. Geologic map, 1: 50,000. 
Bulletin Mexico, D. F., Tomo III, No. 7, July, 1954. Pp. 1231-1408. Price, 75 
pesos (12 numbers). Bibliography of sciences in Western Hemisphere. 
Annual Report of the Geological Survey of Sierra Leone for the Year 1952. 
Freetown. Pp. 22. Price, 1/6. Includes reports of geological investigations. 
Southern Rhodesia Geological Survey Bull. No. 40 
The Geology of the Lower Sabi Coalfield. W.H. Swirt ann otuers. Salis- 
bury, 1953. Pp. 96; pls. 17; tbls. 6. Price, 15/-. Coal belongs to the Lower 
Karroo (Beaufort) System. Description of other economic mineral deposits. 











SCIENTIFIC NOTES AND NEWS 


Ricuarp N. Hunt, vice president and chief geologist of the United States 
Smelting, Refining and Mining Company, Salt Lake City, Utah, has been named 
to the board of Hecla Mining Company, Wallace, Idaho. 


W. Huser, geologist for the Eastern Mining and Metals Co., Ltd., Singapore, 
is on his way to Switzerland from Malaya where he has been studying iron ore 
operations for the company. Dr. Huber has been visiting the United States on 
his way to Europe and has toured several iron ore mines on the Mesabi Range. 

J. V. Harrison, professor of geology at the University of Oxford, is now on 
his fifth geological expedition to Peru. Included in his current program are geo- 
logical exploration of the Andes between Huancayo and Chincha and between 
Morococha and Oroya, revision of the geological survey work carried out last year 
between Junin and Pasco, and continuation of a geological survey of the Central 
Andes. His work is in cooperation with the Peruvian Institute of Geology and 
other organizations. 


Tuor H. Kuiirscarp, geologist at the USGS Spokane office, has been promoted 
to staff assistant to the chief of the agency’s mineral deposits branch at Wash- 
ington, D. C. 

NorMAN H. Fisuer, Australian geologist, has been in Bolivia, assisting the 
Bolivian Mining Corp. in a survey of that nation’s mineral resources. 


K. W. F. Iren, former geologist-in-charge, Cerro de Pasco geological depart- 
ment, is now in the Philippines with Benguet Consolidated Mining Co., Balatoc. 


Lioyp M. ScoFIELp, mining geologist and mining engineer, has opened a con- 
sulting office at 1014 Fidelity Bldg., Duluth. 


Henry L. Hosmer, formerly geologist, Morococha Div., is now assistant chief 
geologist of mines for Cerro de Pasco in La Oroya, Peru. Mr. Hosmer recently 
returned to Peru after a long vacation during which he did graduate work at the 
University of Michigan. 

James E. Atkinson, San Francisco mining engineer and geologist, has been 
engaged as consultant for the new columbite-tantalite project of the Morabisi Min- 
ing Co. Ltd., P. O. Box 183, Georgetown, British Guiana. 

“ Crartes H, Burcess, who was district geologist, Kennecott Copper Co., New 
York, is now with Bear Creek Mining Co., Minneapolis. 


L. S. BrecKxon, who spent two years as district geologist for Kennecott Copper 
Corp. in Australia and the Far East, is now chief of the Land Division for Bear 
Creek Mining Co. Mr. Breckon will make his home and headquarters in Salt 
Lake City. 

J. Franx Swarp, former underground surveyor and later chief geologist at 
Consolidated Coppermines Corp., Kimberly, Nev., has taken over his new duties 
as superintendent of operations there. 

Juttan W. Fetss, staff geologist for Bear Creek Mining Corporations, explora- 
tion subsidiary of Kennecott Copper Corp., recently made a tour of the firm’s 
western field offices. 
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Tuor H. Kiitscaarp, project chief for DMEA activities of the U. S. Geo- 
logical Survey in Region II with headquarters in Spokane, Washington, has been 
promoted to staff assistant to the chief of mineral deposits of the USGS in Wash- 
ington, D. C. 


KENNETH L. Cook, associate professor and head of the department of geo- 
physics, University of Utah, was recently appointed to the Executive Committee 
of the Mining, Geology and Geophysics division of the American Institute of 
Mining and Metallurgical Engineers. 


Hans P. RecHensBerG, geologist for the Bolivian Mining Company in La Paz, 
Bolivia, has accepted an appointment as assistant professor of Mining Geology at 
the Technical University in Berlin, Germany. 


Epwarp FitzHucu, chief geologist of the Republic Steel Corp., has been in 
Lima, Peru, inspecting drill operations at the Acari iron ore deposits. 

Cuar_es F. Park, Jr., dean of the Stanford University School of Mineral 
Sciences, spent part of the summer investigating Mexican iron deposits for the 
Bethlehem Steel Company. 


Hersert KursEti, former head of explorational operations for the American 
Smelting and Refining Company, is acting as general consultant for the Marcona 
Mining Company, W. R. Grace and Co., and the Cerro de Pasco Corporation in 
Lima, Peru. 


A. F. Matueson has returned to Noranda, Que., from Brazil, where, for the 
past three and a half years he has been geologist for the St. John Del Rey Mining 
Co., at Nova Lima, Minas Geraes. 


D. R. Derry, formerly chief geologist for Ventures Limited, has relinquished 
this position to join Rio Canadian Exploration Limited, Canadian subsidiary of the 
British Company, Rio Tinto Mines Limited, as executive vice-president. 

W. P. Hewitt, geologist, American Smelting & Refining Co., who was with 
the Mexican Div., El Paso, Texas, is now with the western mining dept., Salt 
Lake City. 

J. Brian Esy of Houston, former chief of the Shell Oil Co.’s Gulf Coast geo- 
physical department and an independent consulting geologist for many years, has 
been named a director of Texas International Sulphur Co. 

W. B. Martuer, chairman of the mineral technology department, Southwest 
Research Institute of San Antonio, has returned to the U. S. after spending four 
months studying phosphate deposits in Brazil. 


Cart ToLtMAN has been named vice chancellor and dean of faculties at Wash- 
ington University, in which capacity he has been acting since June, 1953. Since 
1946 he has held the position of dean of the Graduate School of Arts and Sciences 
and for the past nine years he has also been professor of geology and geological 
engineering and chairman of the department. 


P. T. FLawn has taken three months leave-of-absence from The University of 


Texas, Bureau of Economic Geology, to act as consulting geologist with the Surface 
Geological Company in Albuquerque, New Mexico. 


The U. S. Geological Survey has recently reorganized its Geochemical Prospect- 
ing Section into a Geochemical Exploration Section. The new Section is under 
the direction of T. S. LovertnG and is headquartered at the Federal Center, 
Denver, Colorado. The GX Section, as it is called, is concerned mainly with 
research on the fundamental principles that underlie the distribution, migration, 
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and concentration of elements in the earth’s crust, especially in the vicinity of min- 
eral deposits; as well as on chemical methods for the determination of these ele- 
ments in soil, rock, water, and plants. The actual application of these geochemical 
techniques to the study of mining districts and other problems will be carried out 
chiefly by Survey geologists outside the Section, but the GX Section will provide 
consultants, samplers, and will make the trace analyses. 


RussELL Gipson has returned to Iran after a vacation in the United States. 
Since his retirement from Harvard University he has been in the employ of the 
U. S. Government, with headquarters in Teheran. 


The AssociaTION oF Missouri GEOLOGISTS was organized at a meeting held 
at the office of the Geology Department of the St. Joseph Lead Company, Bonne 
Terre, Missouri, October 10-11. 

The Association has 103 charter members of whom 61 were present at the 
Bonne Terre meeting. The following are the first officers of the new organization: 

President: Dr. O. R. Grawe, Chairman, Geology Department, School of Mines 
and Metallurgy, University of Missouri, Rolla; Vice-President: Dr. Norman S. 
Hinchey, Vice-Chairman, Department of Geology and Geological Engineering, 
Washington University, St. Louis; Secretary-Treasurer: Dr. Walter V. Searight, 
Principal Geologist, Missouri Division of Geological Survey and Water Resources, 
Rolla; Members of Executive Committee: Dr. Frank Snyder, Geologist, St. Joseph 
Lead Company, Leadwood; Dr. Athel G. Unklesby, Associate Professor, Geology 
Department, University of Missouri, Columbia. 


James Boyp, exploration manager of Kennecot Copper Corp., Denver, and 
former director of the U. S. Bureau of Mines, addressed the eighth annual Mid- 
western meeting of the Society of Exploration Geophysicists November 18 in Dallas. 


Davip C. SHARPSTONE, consulting geologist to the Ventures Group, and chair- 
man and managing director of Kilembe Mines Limited, has been appointed a di- 
rector of the Uganda Development Corporation through an order in council by 
His Excellency Sir Andrew Cohen, Governor of Uganda. 


H. WiLt1AM AHRENHOLZ, JR., associate professor of mining engineering, West 
Virginia University, Morgantown, has become reaffiliated with The New Jersey 
Zinc Co., and is in charge of the Ivanhoe mine now under development. His ad- 
dress is Bertha Mineral Div., The New Jersey Zinc Co., Austinville, Va. 


Wit.1aM A. Bowes, geologist, who was with Shenon & Full, Consultants, Salt 
Lake City, is now with the Atomic Energy Commission, Salt Lake Exploration 
Branch, Div. of Raw Material, Salt Lake City. 


The Datias Councit on Wortp Arrarrs held a Mineral Resources Confer- 
ence in Dallas on Nov. 15, 16 and 17. Salker L. Cisler, President of the Detroit 
Edison Company, spoke on “Energy Sources for the Future.” Cisler’s address 
will be the concluding event according to H. N. Mallon, President of the Council. 
Dr. Arthur S. Flemming, Director of the Office of Defense Mobilization, spoke on 
“Mineral Resources, Stockpiling and American Security.” Other participants were 
F. S. Bryant, Vice President and Director of the Standard Oil Company of Cali- 
fornia; Julian Tobey, President of Appalachian Coals, Inc.; James Boyd, Explora- 
tion Manager of Kennecott Copper Corporation; and Rex G. Baker, Vice Presi- 
dent and Counsel of Humble Oil and Refining Company. Subjects scheduled for 
discussion are Minerals in World Trade, Mineral Requirements of an Expanding 
Economy, Known U. S. Resources, and Closing the Gap, through increased ex- 
ploration, beneficiation, conservation and substitution. 
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Rocer C. Baker, formerly district geologist of the U. S. Geological Survey at 
Little Rock, Ark., has gone on a two-year assignment to assist the Pakistan govern- 
ment in developing a program of ground-water investigation. He will also aid in 
the collection and study of basic geologic and hydrologic information necessary for 
the development of vital resources for that country. Mr. Baker has been in charge 
of the ground-water program in Arkansas since 1946, except from March to Octo- 
ber 1952, when he was on assignment to Libya with a similar assistance program 
of water-resources investigation. 


Puitip E. LaMoreavx, district geologist of the U. S. Geological Survey at 
Tuscaloosa, Ala., left Washington recently on a three-month assignment to assist 
the Thailand government in planning a program of ground-water investigation, and 
will initiate studies directed toward the collection of basic geologic and hydrologic 
information necessary for the development of vital water resources for the country. 
In 1953 he was on assignment to Egypt making a similar water-resources study. 


Dr. JAMEs D. Forrester, director of the Idaho Bureau of Mines and Geology 
and Dean of the College of Mines, announces the following staff changes: Lewis S. 
Prater has been promoted to assistant director of the bureau in addition to his 
duties as bureau metallurgist. Harold A. Powers, formerly employed by the Na- 
tional Lead Company, was named bureau geologist. Charles R. Kurtak was ap- 
pointed chemist-analyst for the bureau to take over somewhat expanded duties. An 
additional appointment for a mining engineer in the bureau will be made shortly 
after January 1. The staff additions will provide full-time engineers and scientists 
working in the areas of geology, mining and metallurgy, supported by the chemical 
and mineral identification service. Research fellows and part-time summer em- 
ployes will also be utilized to augment the bureau program of increased service to 
the state in mineral-resource development. 


The Société GtoLociQueE DE Betc1QuE is celebrating the 75th birthday of Paul 
Fourmarier, honorary Secretary General and former President of the Society. The 
occasion will take place November 28, 1954, at the University of Liege. In com- 
memoration, the society will produce a volume in his honor on the geology of 
Belgium. There were individuals representing many universities and scientific 
organizations. 


K. A. Davies, formerly Director of the Geological Survey of Uganda, has suc- 
ceeded R. W. Wittetr as British Commonwealth Geological Liaison officer. Dr. 
Willett has returned to the New Zealand Geological Survey at the close of his 
term of office in London. Dr. Davies’s address is: British Commonwealth Geologi- 
cal Liaison Office, Africa House, Kingsway, London, W.C. 2. 

















INDEX TO VOLUME XLIX 


[Nore.—In this index the title to principal papers and headings of departments, as 


Discussions, are in italics. ] 


Abramski, C., 
Abstracts— 
Alteration associated with ore at Gaspe 
copper mines (Bell and Scott), 516 
Anthophyllite-vermiculite deposit of Ha- 
fafit, Eastern Desert, Egypt (Amin 
and Afia), 317 
Blister hypothesis and economic geology 
(Wolfe), 810 
Certain structural features of porphyry 
copper deposits in the western and 
southwestern United States (Penne- 
baker), 122 
Certain terms of mining geology as de- 
fined and used (Schmitt), 198 
Composition of vein-forming fluids from 
inclusion data (Smith), 205 


et al., on coal, 844 


Copper Cities copper deposit, Globe- 
Miami district, Arizona (Peterson), 
362 

Development of monazite exploration 


techniques (Griffith), 119 

Direction of flow of late stage solutions 
in the Lamaque No. 6 vein (Smith), 
530 

Edith River uranium deposit (Fisher), 


Elizabeth copper mine, Vermont (Mc- 
Kinstry and Mikkola), 1 

Emerald, Feeney, and Dodger tungsten 
ore-bodies, Salmo, British Columbia, 
Canada (Ball), 625 

Estimation of reserves for uranium- 
vanadium deposits on the Colorado 
Plateau (Bush and Stager), 805 

Expense of exploration (Callaway), 328 

Explosion pipe in test well on Hicks 
Dome, Hardin County, Illinois (Brown, 
Emery, and Meyer), 891 

Extraction of uranium from aqueous 
solution by coal and some other mate- 
rials (Moore), 652 

Formation of intermediate sulfide phases 
in the solid state (Ross), 734 

Friends Station—New Market zinc-bear- 
ing area in east Tennessee (Oder), 121 

General structural relations of the upper 
Mississippi Valley zinc-lead district 
(Heyl), 120 

Genesis of the Witwatersrand gold-ura- 
nium deposits (Miholié), 537 

Geochemical prospecting at Cobalt, On- 
tario (Koehler, Hostetler, and Hol- 
land), 378 
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Abstracts—Continued 


Geologic structure around the Santa 
Rita, New Mexico, intrusive (Ordonez 
and Baltosser), 122 

Geology and mineralogy of salt and cap 
rock of U. S. Gulf Coast salt domes 
(Taylor), 805 

Geology and ore deposits of Baja Cali- 
fornia, Mexico (Wisser), 44 

Geology of the Cold Spring tungsten 
mine, Nederland, Colorado (Ridland), 
123 


Geology of the Radium Hill uranium 
mine, South Australia (Parkin and 
Glasson), 815 

Gold pan: A neglected geological tool 
(Mertie), 639 

Human relationships in future mineral 
procurement (Davidson), 345 

Hydrothermal alteration and other char- 
acteristics of five explored hot-spring 
systems (White), 806 

Hydrothermal alteration at the Climax 
molybdenite deposit, Colorado (Van- 
derwilt and King), 125 

Ilmenite deposit of Abu Ghalqa, Egypt 
(Amin), 77 

Investigation of rank in coal by differ- 
ential thermal analysis (Glass), 294 

Investigations of uranium-bearing de- 
posits of the Boulder batholith, Mon- 
tana (Thurlow and Jarrard), 125 

Jersey lead-zinc deposit, Salmo, B. C. 
(Whishaw), 521 

Land-surface subsidence and its relation 
to the withdrawal of ground water in 
the Houston-Galveston region, Texas 
(Winslow and Doyel), 413 

Lateritic nickel-cobalt deposit at Moa, 
Oriente, Cuba (Colligan), 117 

Localization of uranium minerals in 
channel sediments at the base of the 
Shinarump conglomerate, Monument 
Valley, Arizona (Witkind), 804 

Manganese deposits of the Mogollon 
Rim, Coconino County, Arizona (Sil- 
ver), 88 

Manganese dioxide for dry cells (Levin, 
Nye, and Kedesdy), 807 

Marginal luminescence of certain intru- 
sive rocks and hydrothermal ore de- 
posits (McDougall), 717 

Metallic melting point and ore deposition 
(Sullivan), 555 
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Abstracts—C ontinued 


Method for the petrographic analysis of 
commercially delivered lignite (Trav- 
erse), 92 

Mineralogy of a uraninite deposit at 
Caribou, Colorado (Wright), 129 

Native copper deposits (Cornwall and 
White), 808 

Notes on the dunite and the geochemistry 
of vermiculite at the Day Book dunite 
deposit, Yancey County, North Caro- 
lina (Kulp and Brobst), 211 

Occurrence and origin of the graphite 
deposits near Dillon, Montana (Ford), 
31 

Occurrence of cobalt and nickel in the 
Silver Summit mine, Coeur d’Alene 
district, Idaho (Fryklund and Hutchin- 
son), 753 

Occurrence of mineral deposits in the 
pegmatites of the Karibib-Omaruru 
and Orange River areas of South 
West Africa (Cameron), 117 

Ore controls at the Guadalupe mine, 
Nuevo Leon, Mexico (Whiting), 493 

Ore deposits of Jugoslavia and the de- 
velopment of its mining industry 
(Schumacher), 451 

Origin of salt-dome sulfur deposits 
(Feely and Kulp), 806 

Origin of the Roan Antelope copper de- 
—. of Northern Rhodesia (Davis), 
575 

Origin of the silica of the bedrock 
hypogene ore deposits (Schmitt), 877 

Origin of vermiculite deposits, Southern 
+ Mountains, Nevada (abstract), 
09 


Paragenesis of the ores of the Palomas 
(Hermosa) district, southwestern New 
Mexico (Jicha), 759 

Paragenesis of the zinc-lead-copper de- 
posits at the Mindamar mine, Nova 
Scotia (Watson), 389 

Paragenetic relationships of germanite 
and reniérite from Tsumeb, South 
West Africa (Sclar and Geier), 808 

Pegmatitic lithium deposits in Canada 
(Rowe), 501 

Petrographic examination of washed, 
screened and crushed samples of coal 
from the Sydney and St. Rose coal- 
fields, Nova Scotia (Hacquebard and 
Lahiri), 837 

Preliminary report on replacement and 
rock alteration in the Soudan iron ore 
deposit, Minnesota (Schwartz and 
Reid), 

Productive ore deposits of the Metaline 
district (Mills), 121 

Progress report on the origin of uranium 

deposits (Everhart), 118 
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Abstracts—C ontinued 


Pyritic mineralization in the Goudreau 
area of Algoma, Ontario (Douglas), 
310 

Radioactive, pronouncedly differentiated 
pegmatite sill, Lac La Ronge district, 
northern Saskatchewan (Mawdsley), 
616 

Salt-water encroachment as induced by 
sea-level excavation of Angaur Island 
(Wentworth, Mason, and Davis), 810 

Sedimentary facies of iron-formation 
(James), 235 

Significance of carbonate mineralogy in 
relation to the uses of carbonate rocks 
(Graf and Lamar), 809 

Structural and stratigraphic control of 
ore deposition in the Shasta copper- 
zine district, California (Kinkel), 120 

Structural control of Globe-Miami dis- 
trict, Arizona (Peterson), 122 

Structure and mineralization, Silver Bell, 
Arizona (Richard and Courtright), 
123 

Studies of factors influencing uranium 
accumulation in plants (Anderson and 
Kurtz), 802 

Suggested source of the thiophile ele- 
ments of the Tertiary ore deposits of 
the southwest (Hillebrand), 863 

Systems HgS—NasS—H:0O and HgS— 
NasS—Na2O—H:0 (Dickson and Tun- 
ell), 807 

Transportation and deposition of quick- 
silver ores in the Terlingua district, 
Texas (Thompson), 175 

Uranium contents of Wisconsin Rivers 

. and their use in geochemical prospect- 
ing (Adams), 803 

Uranium deposits, Big Indian Wash- 
Lisbon Valley area, San Juan County, 
Utah (Isachsen), 804 

Uranium deposits of the Boulder batho- 
lith, Montana (Becraft and Pinckney), 
803 


Uranium exploration, Rum Jungle prov- 
ince, Australia (Sullivan and Fisher), 
119 


Uranium exploration by the Bureau of 
Mineral Resources, Geology and Geo- 
physics, in the Rum Jungle province, 
Northern Territory, Australia (Fisher 
and Sullivan), 826 

Use of the gamma ray scintillation spec- 
trometer in the separate measurement 
of the uranium and thorium series in 
geological materials (Hurley), 802 

Vertical zoning at the O’Brien gold mine, 
Kewagama, Quebec (Mills), 422 

White Pine copper deposit, Ontonagon 
County, Michigan (White and Wright), 
675 
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Abstracts—C ontinued 
Widespread occurrence and character of 
uraninite in the Triassic and Jurassic 
sediments of the Colorado Plateau 
(Rosenzweig, Gruner, and Gardiner), 


Abu Ghalqa, Egypt, 
of (Amin), 77 
Acanthite, 750 
Activators, 718 
Adams, J. A. S., abstract by, 803 
Addresses, human relationships in future 
mineral procurement (Davidson), 345 
Aerial photos, pegmatites in granite, Yel- 
lowknife-Beaulieu district, N.W.T., 
505 
Aerial photos of study areas (communica- 
tion), 779 
Afia, M. S., with Amin, M. S., Anthophyl- 
lite-vermiculite deposit of Hafafit, 
Eastern Desert, Egypt, 317 
Aggregates, lightweight aphanites 
munication), 435 
Ajvalija lead-zinc deposit, Yugoslavia, 472 
Albite, 404, 5 
Albitization, "carbonate formation, 245 
Aldrich, H. R., on iron, 276 
Algoma, Ontario, Pyritic mineralization in 
the Goudreau area of (Douglas), 310 
Allen, E. T., and Day, A. L., on hot 
springs, 181 
on silica, 882 
Afien, TK CG. 
689 
Alling, H. L., on oolitic iron ores, 256 
Almond, H., on cobalt, 756 
on tests for cobalt, 383 
Alteration, 200, 202 
Climax molybdenite deposit, Colo. (ab- 
stract), 125 
Copper Cities copper deposit, Ariz., 370 
Day Book dunite, N. C., 213 
Elizabeth mining district, Vt., 22, 28 
granite, Salmo tungsten district, B.C., 
631 


The ilmenite deposit 


(com- 


on Nonesuch shale, Mich., 


greenstone, Minnesota, Soudan iron de- 
posit (abstract), 
hot-spring systems (abstract), 806 
iron ore wall rock, Mich. (discussion), 
440 
Majdan Pek copper deposit, Yugoslavia, 
6 


Palomas district, New Mexico, 763 

Pascalis Township, Que., 721 

rocks, southwestern U. S., 878 

Salmo district, B.C., 524 

Silver Belt, Idaho, 754 

solutions, ore fluid, and magmas, 871 

spodumene, 504, 507 

uraninite, Colo. Plateau, 360 

uraninite deposit, Caribou, Colo., 130, 
134, 146 

vermiculitization, Nevada (abstract), 809 
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Alteration associated with ore at Gaspe 
copper mines (Bell and Scott), 516 
Alty, S. W., on tourmaline, 604 
Alunite, 401 
Amblygonite, 501, 504 
Arizona, pegmatite belt (review), 335 
Amin, M. S., Ilmenite deposit of Abu 
Ghalqa, Egypt, 77-87 
Amin, M. S., and Afia, M. S., Anthophyl- 
lite-vermiculite deposit of Hafafit, 
Eastern Desert, Egypt, 317-327 
Amphibolite, 1 
Analysis, Investigation of rank in coal by 
differential thermal (Glass), 294 
Anderson, C. A., on conglomerates, 50 
Anderson, C. S., on copper, 2 
Anderson, R. J., on Silver Belt, Idaho, 754 
Anderson, R. Y., and Kurtz, E. B., ab- 
stract by, 802 
Andesite, 436 
Anglesite, 772 
Angaur Island, salt-water encroachment 
(abstract), 810 
Ankerite, 316, 604 
Ankeritization, 879 
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